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A. The microorganism of listeriosis.

I. Nomenclature and systematic clasgification.

Thes history of liateriosis(l73) as an otiologic entity for an
infectious diseams, ghowing very different symptoms in snimels and
humans, properly begins with the accuraté description of the
microorganism by Murray, Webdb, and Swamn in the year 1926, Meanwhile
{1924) during an epidemic among caged gulnea pigs and rabbits at
Cembridge, a variety of bacteria wds isolated with which rabbits
could be infected experimentslly, and that, during the course of
the disease 1t caused in the experimental animals, resulted in
characteristic changes in the leucocyte count with a manifest
monocytosis, On the basis of these characterietics, this micro-
organism, of which the original culturs exlsts today after meny '

passages, acquired the designation Bacterium monocytogenes.

One year later Pirie--as he had already proved--~wrote that
he had isolated the same strain in South Africa from Tatera lobengulae,

a desert miiping rodent, under the name of Ligterella hepatolytica,

since, with this strain, he ws able to causde typical liver changes

in infected research snimals., After confirming its identity, over
the paseage of a decade it was agreed that the preferred designation

was IListerella monocytogenes, which has since besn printed in many

textbooks,
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In 1939( ) however, it was learned that the generic name

‘eterells had already been allotted to s Mycetozoa in 1906 by Jahn

and to a Forsminifers in 1933 by Cushmen,

For this reason Pirie in 1940 proposed the name Listeris
monocytogenes. Although most bacteriologists and cataloguers
are in sgreement with this designation, objections have appearsd.

Specifically, in botany there is & kind of orchid named
Listera, and in zoologic nomenclature (1939) it appears that
Listeris has been, since 1863, the name of a Diptera (Robinesu--
Desvoidy), Moreover, the seme classification has appeared since
1790 under the designation Listeria Necker in the botanicel
catalogue.

But it happened that msanwhile the designation Listeria
monocytogenes had become gensrally entrenched in Bacteriology, so
the International Commission on Nomenélature agreed that this name

be reserved as a (enug conservandum (reservéd genus) for the

Schizomycetes. At the seme time the Commission on Botanical
Nomenclature was asked to place the name Listeris Necker on the

1ist of Nomina rejiciends (rejected mmes)(59 ) .

There is hardly any doubt that the strain found in 102k
by Murray, Webb, snd Schwamn was isolated previously and reported

on in comnection with established pethologic findings. In

— e
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Borgeys Manual of Determinative Bacterlology, for example, &

reference is found to the 1911 discovery of Bacterium hepatis

by Hilphers in Sweden.

(16,179, 181)
however, reporting of late

A few writers
on the discovery of the Swedish scientist, raise contradictioms,

however, by reforsnce to certain clear discrepancies in the

original writings 317). This will never be clarified, because

the original strain of B, hepatis (Hllphers) is umobtainabls.
It appears, too, that Listexria wes isolated even earlier
elsewhere., This supposition can however, be verified in only
one study, that was made at the end of the first World War in
France, The culture grown by Dumont and Cotoni that was
maintained in the Pasteur Institute was identified ss L. monocytogenes
20 yoars later by Paterson. The sirain written about by Fraenkel
in Germany also closely resembled Listerim, Since it can no lm
be obtained, a definite statement on its systematlc evaluation is
not possible. Evidently this same microorgsnism has been observed
repeatedly in humen illnesses and in fatal cases(3s9,103,198,229,29%, ot al)
but not precisely differentimted bacteriologlcally, -- Some reports in
the Anglo-American literature may be evalumted in the same way: (10,12,54,1380) .
Perhaps the erysipelss bacteris referred to by Schipp or Broll in 1910/11

was a strain similiar to Listeria.
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Desplte the reports (172, 194) referred to end their inclusion

in standard reference works on Bacteriology, the microorganism is
still often nswly reported.
Myfeldt in 1929 reported the discovery of Bacterium

monocytogenes hominis that he obtained in pure culture from the

blood of a typical case of listeriosis in Blegdam Hospital,
Copenhagen. The supposition that we are here concerned with

a variant of Listeria with cultural and biochemical peculisrities
cannot be upheld, so that the designation Listeria hominis used

later is slmo to be challenged., The Corynebacterium pervulum

described in 1934 by Schultz, Terry, Brice, and Gebhardt, mey also
be identified as L. monocytogenss, No others cless it with the

Corynebacterium infantisepticum (Potel, 1951) end included later

in Listeris infantiseptica (157c,2%2d,2421,217,205).

However small specific designations may be made according
to the pathologic anatemic or clinical viewpolnt for forming
subdivisions of a genus, may be tested with specific criteris, so

1t was decided that designations as L, ovis, L. cunicula, L. bovina,

L. gerbilli, L. gallinarym, and so forth, are untenabls. Basic

findings support the hypothesis that Listeria straina are related
to the group of Acidcbacteria (150,159). The numbers of conflicts

in nomenclaturs bscame still larger when the rekmowned English
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authors Topley, Wilson and Miles viewed the listerias, because of
structural differences, not as distinct genera, but, because of -
morphological and ecological similarities, class them as subgroups

of the erysipelas bacteria and call them Erysipelothrix monocytogenes.

This kind of naming is erroneocus, since it is known that despite
many s8imilarities there are such fundamental differences betwsen

Listeria and erysipelas bacteris, that a division into two genera~-

122,172,179,
Erysipelothrix and Listeria--is totally ;}ustifiable(gs’%’ ’ !

20k,242,2568,2810,317)

In the present state of our knowledge, thsrefore, the

designation Listeris monocytogenss Pirie is alone appropriste, and

Wwill be used invariably in the following, This statement doss not
preclude the possibility that, perhaps, still other members of the
gonus Listeria mey be foumd that are not identifimble with the speciles
L. monocytogenss,
The systematic relationships may be illustrated by the following
outline (after Bergey's Mam;al(sa))
Class: Schizouycetes Naegell (1857)
1. Order: Eubacterisles Buchanan
Suborder; Bubscteriness {Breed, et al)

8. Family: Corynsbacterisceae (Lehmann and Newsann)
Genus: Listeria (Pirie)

Bpecies Listeria monocytogenes Pirie
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While Erysipelothrix and Listeris here appear as genera of the

ssme family, Prevot (208) places these strains in general of different

families:

Schizomycetes
Bubacteriales

. obacteriales
Class I. Asporurales (Prevot, 1948) Class I, Actinomycetales (Buchanan)
Order II. Bacterimles (Prevot 1940) Order I. Actinobacteriales (Prevot)
Family V. Bacteriaceae Cohn Femily Actinomycetacess (Buchanan)
Genus: Listeris Genus: Erysipelothrix

2, Biochemical and Cultural Characteristics.

.
=

Disregarding & few minor differences in fermentation character-

istics that will later be discussed separately, all of the many studies
found to date from all parts of the world show results that are in

general agreement, proving that strains of L. monocytogenes should be

considered a morphologic, cultural, ‘and blochemical entity. Cultures
obtained from animals and men show no tinctorial and fermentative
differences, and likewise ne possibilities of differentia‘tion exist
on o cultiural-snd biochemical basis for strains which have been teken
from cases of listeriosis in which the course of the diseass, clinically,
veried greatly.

Recognition of the Listerie on the basis of their cultural and
biochemical characteristics is not very practical and the usual method
is, since there are menifold possibilities of confusion, vhich will

be discussed fully in the second on differentisl diagnosis (p. 115¢¢£).
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Meanwhile the following are the most important characteristics, that

must bs uneguivocally observed wheon testing suspected etrains,

(Techniques (261) ).

Morphology: L. monocytogenes is & -gram-positive sghort rod
that forms no speres, Cepsules have, up to now, never been demonstrated.
In young cultures predoninantly coccoid bacterim forms that are 0.5
microns wide and 1-2 microns long are found that appear frequently
%o have somewhat pointed ends, end souws in pairs lay ageinst or behind
each other or ars layered in rings of from 3 to 8 rows., Geuerally the
stratification 1s not typlcal; among V.forms, diploid forms, and
organisms arranged in parallel are interspersed thin, slightly bent
organisms 2 to 5 microns in length, Clubshaped forms or pleomorphic
degenerative forms have never been observed.

In very young cultures about 3 days old predominantly rodlike
forms are found, which are generslly not seen unless one specifically
searches for them.(Figure 2). In cultures a few days old rough
gtructures may be isolated and are readily detectable becmuse the
culture changes almost entirely into the rough form (Figure 3). These
rough forns may be 6 to 20 microns, in lengb but, exceptionally,

mey be up to 275 microns in length. (15,99,172,17%,201#,234-2 ot a1)

The tinctorisl behavior is not unique. Young cultures are,

independent of the substrate and the cultural composition, without
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exception, gram-positive, After 2 to 5 days of incubation gram-
lsbility definitely eppears, and an inoreasing mumber of the
bacteria lose the Gram strain upon differentiation with acetone-alcohol

or 96 percent alcohol(ma)

, 8 charscteristic that is aleo found in
other Corynsbacteria, e.g., the mlcroorganism of Giphtheria.

Tf the duration of the decoloration is extended to 3-5

minutes about half of all the bacterim in such young cultures

will react gram-negatively, if they are bedng cultured on blood-

agar. Cultivation on glucose-containing medium promotes gram-
positivity, so that after 72 hours incubation sll the bacteria are
alvays gram-positive still, even though the process of decoloration

is extended to 10 minutestahai). The threadlike forme are distinguished
by their greater Grem-fastness; only in cultures many weeks old does

one f£ind a partial decolomtion(mg) .

Figure I. L. monocytogenes; Morphology of a 24 hour
o0ld culture on blood~-sgar; Graum staining; 800 magnification.

Figures 2 and 3., L. monocytogenes; Little rods and
threadliks forms frcm rough cultures sfter 48 hours on blood
agar; Gram etaining; magnified 1000 times,

Smell polsr bodies mfter Ernst-Bebes are nevar detected in Listerla;
nevertheless, in differentiation by the Gram staining the middle part of

the bacterivm decolorizes quicker than the ends thus the lmpression of
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the presence of polar bodies may be fomed(rra). Listeris never show

bands or zones and sre alsc not acid-fagt. The individual dyos that

are commonly used in bacteriology and histology are not suitéble for

staining them by the usual methods. For example, the use of methylene
(179£)

blue has been frowned upon for a long time The most dependable,
particulaerly for hilstologic purposes, Is Gram staining; Giemsa and
Leishman stain techniques may almo be recommended,

In cross sections the detection may be accomplished well with
the aid of the V. Jensen-modification of Claudius' stain. Also the
exclugive use of Hematoxylin without eosin contrast staining, es is,
for example, used in the socalled red elastica (tumica elastica?)
staining, ylelds good pictures in histologic preparations,

Flagellation: L, monocytogenes is flugellated, However
the detection of the presence of flagella by siaining is in Listeris
connacted with considerable difficulty, as a result of which contrary
reports are to be found on precisely this point, Meny competent
authorities have ascertained the prasence of motility but do not

L t al
account for flagellse, A few euthors( 0y 82’115'2!*0’ © )fi

nd
monotrichous, poler, flagellation; on the contrary, Paterson found
four flagellae arranged peritrichically, This difference was later
expleined (88) in that at lower incubation temperatures the formation

ofi;peritrichically arranged flagellas resulted, while at 37°C. a
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revergible flagella--inhibition engued, that led either to total
immobility or to the development of only a poler flagells. Nyfeldt,
by one of the methods described by Morton (1890) has confirmed the
finding of & predonﬂmntly peritricbic flagellation of L. monocﬁoganes
but aleo stated aboubt them that the Fflagella were easily broken off,
after which, usually, only a polar flagella remained.

in order to answer the question thus arisen, it wes next
attempted to us? the electron microscope. The studies carried out
to date by 801&1(329) at the Inetitute for Blology and Medicine,
Pharmacologic Division, Berlin-Buch (Dr. R. Jung) bave ylelded as
yeot no conclusive results. The Listeria slways assimilated flagellae
after incubation at 37°C. vhich 1ed to & monotrichic f£lagellation
at this temperature (Figure b4).

‘ Motility. At hardly any point do th,’ £indinge differ so
greatly as in reports on the motility of Listeris, Without reviewing
the numerous reports again here, we cAn say in sumeary, thet all of
the ctrains of Listeria monocytogenss found to date are motile and
are thersby differentiated basically from almost all varisties of
Corynsbacteris and Erysipelothrix.

The motility is grestest at roos temperature. Ab 30° C. and
even at 37°C, it is not fully abolished; eince in "gtabs" prac.tically

all bacteris fxom young cultures on bouillon show manifestations of
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truly ective position changes. In older cultures only a strong

molecular motion is generally found, but upon longer observation,

there alwayas come into the field of visicn & fow bacteris that

ars sctively moving.
Figure 4, Polar flagellation of L. monocytogenes at
37°C. Electromicrophotograph, taken at the Imstitute
for Medicine and Biology, Pharmacolegic Division,
Prof., Dr. Jung, Chief, Berlin-Buch, Source of the
materials used: the Imstitute of Nutritional Hygliene
of the faculty of veterinary medicine of the Humboldt
University in Berlin, Dr. Seidel, oblique clrome
lighting, Magnified 18,000 times,

The manner of progression is quite characteristic., Usually
1t begins with a pemcefully lying bacterim by rolling and peculiar
swinging movements which give rise to swift, eccentric revolutions,
until the bacteria suddenly in one motié’n coils itmself up, Tumbling
and rotating motions that can elso agsin change into a state of rest,
are = good indication of the presence of Listeria, In vigorously
moblle cultures &)l the bacteria are in swift, directed motions,
recembling that of Selmonella, Threadlike forms make a coil-like
Porward motion, like that known for bacilli, The most elaborate
method for the detection of motility consists of the use of 0,2 to
0.4 percent nutrient agar in U-tubes after the msthod of Vahlies.
The bacteris sown in one arm of the tube swerm, at 22 snd 37°C.,
during the -course of 1 or 2 days, through the "possible mobility ager”

(ekar) and appear on the surface of tha other armm. Thereby the previously
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clesr medium becomes progressively more cloudy with the sproad of

the culture. This progress may be followed easlily with the naked eye.

About 0.5 cm. under the surface of both arms of the U-tube & gtripe 1s
formed, that is formed from a layer of stronger concentration of
bacterial growth, In this zone of a diminished aoroblosis the bacterial
cultures show better development than under aerobic or strictly
anscrobic conditions (see next section).(Figure 5).

Algo in agar-gelatin stabs (Figure 6) the bacteria often show,
after incubatimm st room temperature, fuzzy outgrowth zones, which
originate because of the motility of the Listeria (aho), on solid
medis after prolonged incubation there results s similsr Medusa's-
head-like spreeding out of the colonies into the imedi;ately gurrounding
areas of the oulture, that should not be confused with the growth of
rough colonies.

Relation of growth to oxygen tension. As previously explained
(seo Fig. 5) Listeria prosper best in a mixture of gases in which the
normal oxygen tension is diminished. Whan oxygen 18 eliminated and
carbon dioxide substituted for it, after the method of Fortner, a
Juxurious growth results, the sewe as when the air is fully expellsd

88u
and coal gas is mtroducodgl ). Under strictly ansercbic surroundings

. ;281b
without substitution of CO,, growth is poor or is neaxrly inhibited(ghai’ )
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Many freshly isclated strains and all laboratory cultures grow
uninhibitedly under the ususl aercbic culture methods, Bl:lt T
whether thisis suitable for the culture of fresh strains also.
cannot yet be decided, because it appears that in many cases the
first passage in diminished oxygen temsion or lower redox potentisl,
for example, in sodium thioglycolimte bouillon, is easier to
accomplish t;xan under aexcbic conditions (298). In any casge it
is established that the Listeria are facultatively aerobically
growing bacteris, and that they are microaerophil, or better,
carbondioxidophil,
Figure 5. Typical growth of L, monocyto, s in
semifluid nutrient agar (after 3 days_at 22°C,)

Figure 6. Growth of L. monocytogenas in dextrose-
gelatin stabs(after 10 days of incubstion at 22°C,)

Relationship to Tempersture. The optimsl tempersture for
growth lies between 20 and 37°C. with the greatest proliferative
ability between 30 and 37°C. QGrowth is retarded at room temperature,
but attained the same dimensions in 3-k days as it 41d after 1-2
days vhen the temperature wes regulated by a thermostat.. Temperatures
about 20°C. are clsarly better for the development of the bacteris
than is body teaperature. The motility is definitely incressed, but
diminishes considerably after the culture has been standing for many

more days.
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Occasionally the growth at 37°C. from natural (organic?)
material for research is definitely diminished, with the result
that macroscopically visible growth is first seen after.3—5 deys
of incubatlon, Important--above all else for practical diagnosis,
(see page. 113)--is the rate of growth st relatively 1ov temperatures
as dstermined by Gray and ccvorkers( To ). Neturally the rate of
érowth is thereby considerably clower; but after 10-14 days in a
refrigerator at 4°C, there is visible growth of the célonien or
definite clouding of liquid substrates, -- Cooling to very low
temperatures--for example to-20 to -75°C.--that are unavoidable
during freeze-drying, will cause no damage, if the freesinug process
is carried out-quickly and thawing out is prevented, The bacteria
may be kept in mn excellent state of preservation when thus freeze
dried (or lyophilized.), The upper limit of growth is from 42 to-hk°C,

At such teniporaturo there is still sparse growth. According to Murray,

Webb, and Swann the bacteria mey be killed by remaining at 47-48°C. for
(15,179¢)
1 1/2 to 6 hours. Other resesrchers set these limits higher
and report survival of bouillon culturss after 1-2 hours at 56°C. but
no such survival after heating for s balf hour at 60°C, Thick cultures
will survive from 15 seconds to 5 minutes (for a particularly heat~
resistant strain) at 100°C. according to Zink end coworkers. In
studies of becterial survival; a temperature of 80°C. for 15 seconds

sufficed to kill off Listerta in milk(2'21), That ylelds the important,
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practical conclusion, that by the prescribed passteurization it is
algo assured that the Listeria will be rendered harmless.

Nutritional requirements. The Listeria do not belong to the
very fastidious kinds of bacteria, They grow on a simple casein

or hydrolyzed gelstin medium with dextrose and a few Inorganic salts,

if lactoflavin, hemin,and biotin are added 7). In our own extemsive

regearch it -wss shown that the half-synthetic medium of Ivanovics
allowed sufficient possibility for growth, and that this was not
increassd by the addition of para-aminobengoic scid and vitemin B,
concentrates, The contents of a common mest broth-peptone, - bouillon
consist, in contrast to simple peptone-water, alrsady of all the

subgtances necessary for growth, Of course, the growth is then only

sparse, it bec:.xnn Juxurious only upon the ;(‘iiition of fermentable
carbohydrates in an 0,5--1 percent concentration, Blood or serum
are not absolutely necessary but aid in meking the growth visible,
if it is raised on a deficient mubstrate,

Relation to pH: Unlimited growth occurs in neutral and
woakly alkaline medim also in weakly scid media. Greater degrees
of mcidity are inhibitive; and in media with a PH of less than 5,6--
for example, in dextrose bouillon, that has been inoculsted with
Listeris and incubated 2-3 days - 1t often happens that the culture
dies, 8¢ that incculation on acldified sugar medis are no longer
recommended, ordinarily. The bacteria are relatively ingensitive to
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alkalig. In medis with a pH of 9.6 there is still growth(2h21’293).

Growth in fluid substrates, In ordinary meat-broth-peptone-
bouillon growth is somewhat slow end odorless; only after 1-2 days
at 37°C. is there a definite turbldity.

There is likewise a demonstreble relatlonship between the
number of bacteris sowed or inoculated and culture growth. With
large inocula growth never faila, with smaller inocule 1t is usually
delayed a few days; when only a few colonies or even only a few
individual bacteria are inoculated, the culture generally does not
begin to grw(]'?gr) .

This condition is perhaps one of the reasons why the culturing
from pathologlic material ig found difficult, while after previous
concentration, for example after the research material has been
stored for meny months in a refrigerator at 4°C. (@ T )-~the cultures

vare easily induced to grow, _

After many days the bacteria congregate in the cup of the tubes
and form thers a slimy sediment that can be ghaken up ohly with
difficulty. It may be spUB up in the form of a characteristic spiral.
Besides, there 1s the picture wheq the substrate contains a cleavable
sugar (0.5-1 percent), In sbout 18-2k hours relatively swalli inocula
glve rise to a very cloudy turbidity, also, that remains in the case

of smooth strains for from 1 to several days, until the bacteris
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then also forms flocculent sedimentation., Rough strains grow in
1iquid media with flocculmtion, and with a thin skin, and form
e already after 24 hours a granular, frisble precipitate., As under
laboratory conditions thers are wany developing intermediate
- _ stages between pure smooth and rough forms, there is also in
L £luid medin a transitional stage, in which the beginning turbidity
‘ gwiftly dismppeers, 8s most of the bacteria sink down to the bottom.
They can indeed be shaken up, but do not rewain in suspension,
Growth of Surface Culbtures. On surface cultures the growth
is often only sparse, but never rich, even when blood, serum or
fermentable sugars are contained by the medium.

it On nutrient agar they develop as very small, transparent,

! dewdroplike, colonies of 0.2-0.4 mm. diemeter with s unlformly

! iridescent appearance.

Tha colonies bacome congiderably larger on dextrose agar.

} - They mttain, after 3-% days incubation, s dismeter of 1-3 mm. and
are a grayish white color, A distinctive odor escapes from the
colonies that reminds one of sour milk or buttermilk,

On sheep blood agar the colonles sre at first very small
and on the first day can hardly be seen with the naked eye. aAfter

48 nouxs at 37°C, they attein a dlameter of 0.2-1.5 mm., Inocula

from laboratory culbures become somewhat larger, so that after
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two days isolated colonies 2 mm. in dismeter mey be found, if
good nutrients are at their disposal. The colonies at first ere
1like dewdrops and are trensparent, however, they later become
graylsh white and opaque. They are surrounded by & narrow but
clearly visible beta-hemolytic ring, With weaker hemolysis this
ig pregent only under the colonies. It will beccme visible

only after stripplng off the growth, TFurther see the section

on hemolysis, Colony formation and the process of dissociation.
On surface cultures different kinds of growth and colony forms
may be differentiated swith most strains, Freshly isolated
strains are composed almost exclusively of round, smooth colonies,
which after 3 days appear opaque and somewhat whitened with s
surface that shines like a mirrvor (Figure 7). They have a butter-
goft consistency and may easily be dispersed in a solution of sodium
chloride.

Isolated colonies occasionally become up to 6 ma, in slze
in blood egar, if the plates are allowed to stand at room temperature
and preventad from drying out, After some days the surface that
wag smooth in the beginning changes; first s swollen border zone
is formed, then the center sinks somewhat and & central button
becomes visible, These growhas typicelly seen smooth forms of

colonies, j’ghat on blood agar are strongly hemolyzed.
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Among these S-forms are found in vario;xs proportions goms
weaker hemolyzing colonies, that in contrast to the opaque-white-
coloring after 2-3 days appear more transparent and grayiéh whilte,
Lsboratory strains many times show only this form of growth, which
was first found because of a somewhat larger dlameter of its
colonies and a definite, distinguishing surface marking. The border
is no longer smooth but somewhat wmvy; the button formation and
the central depression are more easily distinguishasble. A definite
radisl stristion of the border zone 1s characteristic (Figure 8).

This form of growth may be conceived of as culture variant
of the pure smooth form. It tends in varying degrees towards the
ability to agglutinate sponteneouly, but is in its consistency
usually as soft as butter and behaves in agglutination and absorption
tegts as a smooth form, To be sure, there are indispensable
tachnical tricks (wee page 1G) for overcoming the tendency to
avtoagglutination. The growth of this variant in boulllon results

Figure 7. Smooth colony of L. monocytogenes on
blood sgar after 48 hours incubation at 37°C,
Diamster 1.2 wm,

Figure 8, Culture variation of L, monoc enes

on blood agar after 48 hours at 37°C. Dismeter
2.1 mm,
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in a uniform turbidity, After many days the bacteria precipitate

to the bottom of the tube. A reversal of this form of growth,
that may correspond to the I-form of Barber, into the pure emooth
form has not been observed, but on the contrary it repeats the
dissociation of the smooth form into S- and I- colonles (2k21),
Thig variant is not identical witg the rough form. The
latter arise from wost strains after a- longer periocd of incubation

under the influence of the artificial, laboratory environment, and

show thewselves by only limited hemolysls, and the colony picture
that 1s typical of the rough form (Figure 9). Rough colonies have
a brittle, hard consistency, mey be dispersed only with dilfficulty,
and generally show a strong spontansous agglutination, Inoculations
in bouillon grow in films and with quicker formation of a granulded
sediment., Listeria show in connection with their form of growth two
processes of cleavags; one with the change of the smooth, opague
type of culture into a hemolytically less active, culture variant
that appears to be more transparent with the first indication of
roughness, but still maintaining gerologic specificity and finally
into the development of typical, rough forms with all the characteristics
of the same, The process of disgociation never reverses itself
acoording to our results; generally, it is not easy to find purely

rough forms. Relatively oftener mixed forms are found which indeed
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appear rough in cultures, but aftor sowing may be seen to be in
fact mixed with smooth forms, Failure to observe these conditions
has 183 to conflicting reports.

Besides these predominanting forms there are & number of
culture variants; that fall under the classification as intermediary
forms, and transitional stages. One of these may be seen in
figure 10. It results from the outgrowth of s rough divieion from
a smooth colony; (so called bomb-form),

Additional types of colonles: Gray snd coworkers (8T:1)
were sble to deteoct the presence of other, until then unknown,
forms of colonies by examining the surface growth on ;nedia to
which the redox indicator 2,3,5-triphenyl tetrazolium chloride
(TTC) had been added, Of nine colony types differing in growth,
‘consistency, surface characteristics, and color, six could be
cultivated unchangsd. The colgr showed all variations from
cream to bright red, which resulted from varlable reduction
potentials.

Growth in Stab Cultures, In nmutrient or dextrose agar stabs
even growth occurs &long the length of the channel made by the stab,

as long as the concentration of agar is 1.5 percent or higher, On
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diminution of the agar content cutbursts into the substrate
result because of bacterisl motility (see page 6). This may

also be observed in broth-peptone-galatine or in dextrose-gelatine
media, Often brushlike proliferations eppearj or colored

excrescences, which may be confused with Erysipelothrix. While

this brushlike growth in erysipelas béeteria but also in simplex

nutrient gelatine (without dextrose) never fails, in the case
of Listeria it is missed, ss in this medium at room temperature
it appears only as a fine streak without outgrowth, even if the
observation is extended over a period of weeks, -- In nutrient
agar stabs the culture remains viable for many years.
Figure 9, Rough colody of L. monocytogenes on blood
agar after 48 hours at 37° C. Diamster 3 mm,
Figure 10, Splitting up of L. monocytogenes, Bomblike
form in the middle of the picture. Enlarged 8 times,
Hemolysis -- As alreaily explained, all Listeria strains may
be characterized by their capacity to hemolyze erythrocytes. At
least, that is trus for all cultures of material that is freshly
isolated from pathologic material. Thie capacity is exerted by
them without differentistion among erythrocytes from humans, horses,

sheep, and rabbits (40, 98, 172, 179).
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The intensity of the hemolysis is variable. Reports of
total loss of thie activity will not however stand up under éritical
exsmination., Minor veriations in the quality of the medium may
already result in changes resembling an error. Definite relation-
ships oxist between hemolysis and growth forms, in that smooth
forms possess the greatest, intermediate types, lesas, and rough
forms, the leest, ability to hemolyze. On so0lid medis s (see above)
hemolysis manifests itmelf by & narrow band, sgo that a picture is
7 formed similar to that of the diphtheria microorganiem. Erythrocytes
are also destroyed in liquid media to which blood haes been added.

The dissolution of the blood cells is due to a Filterable

hemolysin, that is formed also in blood-free media » end that attack

erythrocytes after filtretion through a filter impervieus to
. bacteria. Studies on ita chemical structure and its antigenicity
are still in progress.
Hemagglutination, In tests of hemegglutinin formaiion by
Listeria it was ascertained that living suspensions were not sble
to agglutinate washed humen erythrocytes (blood groups A, AB, B and

0) or rabbit, guinea pig and sheep red cells (242))., It should be

; noted in this commection that a thermolabile hemagglutinizing agent

has been demonstrated in the microorganism of swine erysipelas, that

agglutinates certain types of chicken erythrocytes after three
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washings end exhibite antigenic properties (53, 54). Other
cultural characteristice -- Among further cultural characteristics
that may also play a role in differential diagnosis, the ability
of the Listeria to grow in NaCl concentrations of up to 10

I percent, and to endure a pH of 9.6. 0,1 percent methylene blue
milk is not reduced, On the contrary methylene blue reduction
occurs following the addition of it to a bouillon culture that
hes been incubated for 24 hours., Generally the reductive ability
of the Listeria is quite conslderable, particularly evident in

l measurements with meny dye indicators, in neutral meast broth

i bouillon, where values of minus 200 to minus 260 "m V" ere

attained, The individual strains do not behave exsctly alikc; (31h).

; On Simmon's cltrate agar no growth takes place; and algo not on

Endo-Leifson~ or Wilson-Blair agar. Tellurium concentrations of

0.1 percent do not inhibit most strains., The bacteris multiply
well in bromthymol blue milk, and act to acldify the medium without
curdling after 2-3 days incubation, Of the characteristic odor we

have previously spoken; this scid mmell arises also from milk agar

f
and potato-blood~glycerin agar snd mey - cause confusion with
lactobacteria. However, in contrast to this one also slvays £inds
with Listeria a positive catalase-reaction, Bile in concentrations

up to 40 percent does mot influence growth., Good growth regults in
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infected hen's eggs in the whits and Yyolk without resulting in
grossly visible changes in appearance and smell (349am),

Biochemical Behavior. On the basis of its fermentative

bshavior, L. monocytogens helongs to bacterial groups that show little

biochemical activity as it has already been shown that no indol >
ammonia or HES is formed, that they cannct reduce nitrate, and that
they do not hydrolyze urea. No proteolytic properties are detectable,
Correspondingly, gelatin end coagulated ssrum sre not liquefied,
Splitting of sugars is eagy to demonstrate in media with a ment
extract-peptons base » and yields typical results. Relatively little
carbohydrate 1s attacked and decomposes with formation of acid without
development of gases. Results of research of differsnt authors on

a vwhole series of sugars, alcohols and alcoholic derivatives of

sugars show good general agreement » but differ from one another in
the case of & few carbohydrates. This sometimes stems from varigtions

in the fermentation apparstus of individusl strains, that for example

in the decomposition of melezitosse have been developed as constant
characteristics. In other instances the re#earch resulte wers
influenced by the use of different indicators, TIf indicators with
a ;zhange-over point near to neutral are used, acid production from
the different carbohydratss may be observed, that cannct be detected

if indicators with lower, more acid, changeover points are selected,
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The following table, which is based on the use of brom-creaol-__purple

as an acid-base indicator, in 1 percent sugar solution, gives an

insight into the sugar splitting capaocity of L, monocytogenes,

Teble X. Sugar eplitting of L. mono ogenes
(tested 1951-1953 on 55 streins).

Highly acidified Limited acid Ko acid formation
in 24-72 hours formation

Dextrose Saccharose Marmitol

Maltose Glycerin lactose, (some of
the strains)

d-levulose Sorbitol Duleitol
Salicin Xylose (irregularly)| Starch

Esculin Melezitose (some of | Adonitol
the strains)

Dextrin Inositol

Trehalose lactose (some of Arabinose
the Stt‘ﬂinl)

Rhamnose Raffinose

Melezitoses (scme Inulin
of the strains)

Melezitose (some of
the straing)

Occasionally strains ars reported in which the glven reactions

vary; for exsmple, saccharose after 24 hours will be decomposed, with
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strong acid formation (99) or lactose will be swiftly decomposed (253c).

In genseral, the views on lectose splitting by Listeria are divided,

Often a more or less strong scid formation is indicated, in the case of

meny strains only after many weeks ({40, 172, 179a, £, 19%a, 2L40),
Other researchers came constantly to & negative conclusion (132s,
20ka, e)., As ths reaction results undergo certain limited variations
in observations conducted over a period of many ysars, which may no
doubt be explained in commection with certein minor changes in composition
of the medium, both views may be correct, It is.feasible to test for
. the sugar decomposition with relatively coarse gnd rough methods, as hasg

been superseded by many other diagnostically uéeful criteria. Awmong
a material consisting of over 200 strains of Listeria, the findings of
our studies yielded no oculturs that wes capable of swiftly decomposing
lactose,

Similarly with the decomposition of galactose, which, in
contradiction of mmerous reports of a series of authors (84, 232b,
323) could not be demonstrated,

Certain exceptions appear also with respect to the splitting of
xylose (Summary(258)). -

In testing for melezitose fermentation clear results are
obtained only through the use of brom-cresol-purple as an indicator.

If on the contrary bromthymol blue or phenol are used, differences arise,
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According to Nyfeldt mamose and amygdaline are quickly
decomposed while arbutin is only irregulsrly attacked and erythrite
! is often not decomposed at all. ¥ ) i
/ In dextraose deccmposition impertant intermedlery metabolic
products are found such as acetoin, (acetyl-meth;yl—carbinol). While
i the error of acetoin formation has been noted separately (98,179,
208, etyal) we Pound (2421) in confirmation of the findings of others

(15,1328,202) the Voges~Proskauer-reaction %0 be strongly positive,

N

if cultures were tested according to the technique of Barritt or

|

|

|

|

!

| O'Meara. Listeria are active in the formetion of acetoin, however,
[ positive results are only obtained when the mors sensitive test

|

|

techniques are used ({compare 161). On the contrary, the methyl-red

test is always negative,

3. Serological Characteristics,

) Since the middle (1930's psople have been increasingly occupied
with the antigenic structure of L. monocytogenss and have come to the
conclusion that the antigenic structure is not uniform,
a) Agglutination reaction.
Seastone had increased our knowledge by the first studles with
a large nusber of strains of both human and gnimal oxigin (sheep,

cattle, chicken), He attained titers of 1:2000 to 1:10,000 in lmmme

— A e
PR 1.
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eora and found in agglutination and absorption studies a close

relationship of cultures isolated from man and animals with the

exception of B. monocytogenes, which reacted differently, eerologically.

Carey, (1936) established the identity of a strain isolated
from a child with that cultured by Seastone in his American studies,
but saw a completely different antigenic behavior in the original
strain of Murray, Webb, and Swann,

Webb and Barber (1937) reported on far-reaching similarities
in gerological behavior of strains 58.XXIII, 53.XX1II, PiZrie, Schultz
and Gibson; and in that year Schultz and his coworkers confirmed
anev the differences betwsen the cultures isolated in New England
by Burn and Ten Brosck, from the British strain as woll as from one
of his own cultures, Porzecanski and de Baygorria mention that the
strain they found in Uruguay was similar to that found in North
America by Seastone,

Exact conclusions were Pirst brought about UF the studies of
Julianelle and Pons who detected two clearly distinct serologic groups.

Since in the group of predominantly rodent strains (rodent group)
and in the other group on the contrary predominantly ruminant strains
(runinent group) were found in such an obvious relationship in
connection with the source of the strain apd its type-tlassification,
that it is further reflected in the naming of both groups, These
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distinctions are often incorporated into the latest textbooks,
Of importance was the finding that Listeria cultures igolated
from man demonstrated no special position, but could be classified
a8 belonging to elther or the other of the two groups at various
times,

Outstending conclusions with respect to classif ication

of types and positions in animals give rise to contradictions as

Pattorson found in extensive studies (190 a,b) with Sk gtrains

of Listeria with the method so successfully used in Salmonella
serology, for the exact analysis of the body (0) and flagella (H)
antigen (White, Kauffman), which he employed here for the clarification
of the antigenic structure of L., monocytogenss.

Successvwas had here in differentiating between various somatic
an:tigenic factors thet made subdivisions in the O-group pessible.
However, since the H-sntigen is aiso composed of many partly over-
lapping, partly strongly specific antigen components, altogether four
serotypes may be differentiated, that mey be assembled into an antigen

pattern (Table 2),
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Table 2. Antigen structurs and classification of

types of L. monocytogenes (after Patterson).

Flagella
antigen

Body

antigen

No, of
strains

Hogt

Ezxample

Source
i.e,
Nation

AB

I Ix (III)

I Ir (IIT)
IT IV (III)

v (1Ir)

20

Rodent
Man
Fowl

58 . XXIII
Schultz
1s/2

Gibeon
N/46

J&L

G 101
18/13

Ten Broeck
B9227
Cotoni
Burn(?)
Montevideo

England
UsA
England
Scotland
Denmark

UsA

New Zealand
England

UsA

USA
France
UsA
Uruguey

Paterson summerized the results of his research as follows:

"Thare does not appear to be any reiationship betwsen the

bacteriological type and the zoologlcal host species, nor do the

types appear to be sssociated with a particular geographical origin,

It will be noted that members of each type have been iszolated from

man and that poultry strains fall into types I and 4."

The serologic findings were later confirmed and broadensd

with the detection of sdditional antigenic factors (293).

Robbins

and Griffin in 1945 came to mimilar conclusions, besides which
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they studied the action of a disinfectant upon the flagella antigen
as well as the effect of heat and alochol on tha O-antigen of Listeria )
and in comnection with this studied the antibody formation against
single components of the antigenic complex. The results are of
great siganificance for all concerned with the serology of the Listeria,
and thorefore ought to be gpecially mentioned,
Among the O-antigens the factors I, II, IV, and V proved to
be thermostable, that is, they survived heating for many houxs to
100°C. and, also, their antigenicity was not influenced by high
concentrations of alcohol. In addition, body antigen III was also
found in our own, later research tc be quite volatile (2k2).
The sbility to fors sgglutinin was lost in some, but not all
strains on previous trestment with heat or aleohol, for the III~
; antibody; but not the =bility 6 agglutinate,; and according to our
own resesrch, also not the ability to form agglutinin, Robbine and
Griffin view the :source of the varisbility of Factor III as being
dus to its chesical structure, but also to the arrangement of and
the distribution of the IXI molecule in the bacterial scma. Perhaps
it is here a question of a surface antibody of the type of the L-antigen
of the Intercbscteraceas, The knowledge of the variability of the
IIT antigen gives the explanation for minor variations in O-antigen

content of strains of otherwise similar types,
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No less important is the selection of a sultable lothal
agent for preserving the H-antigen, FPhenol is not very satisfactory
here, since it enhsnces spontansous agglutination, that however, way
‘be prevented by buffering the dlluent with m/5 phosphate mixture at
pH 7.2. Just as by phenol will Potersons E factor A, also be
destroyed by Chloramine T and morthiolste, and H factor C is similarly
destroyed by merthiolate (sodium-cthyl-mercurithiosalicylats, Tilly).

On the contrary, formol is also particularly sultable for use
with Listeria; H-antigenicity, the ability to agglutinate, and the
capacity for agglutinin formation are fully preserved, One must only
bear in mind that formalized Listeria antigen is particularly
applicable only in testing for H-agglutination with the use of this
special method, since in Iisteria O-sera a definite inhibition of the
agglutination of the formol antigen mey be observed.

From these findings it is evident that the technique of antigen
preperation in use at the present time has decisive significence for
the evaluation of research findings in the serology of Listeria,

One further factor that must be taken into sccount, is the
variable appearance of agglutinin in the serum of research animals
during immunization.

This conderns; besides the O-agglutinin ITT (see above),

particularly the H-agglutinin,
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While the H-factors A, B, C and D have detectable formation
of agglutinin relatively early in the series the appearance of C»-
agglutinin hag been shown to be definitely delsyed, In the studies
of Robbins and Griffin it appeared first in the second half of the

period of immunization, which itself extended over meny weeks, We

ourselves (2421) wers sble only after meny imwunization cycles to
isolate C-agglutinin at low titers.

It remmins an open question as to whether the so-called O-factor
of Pgterson, that he could find in all straine of serotype 4, really
is an H-agglutinin. Thence the saturation-formula worked out by
him that Donker-Voet has lately worked with (339) does not exclude
the fact that the O-factor V is wholly incompatible with the ramaining
titer,

A source of error that 18 not to be underestimated is the
tendency towards spontaneous agglutination, that is often present,
and that may be largely eliminated by bathing the antigen in distilled
water, through changes in the electrolyte cont';ont of the suspending
media, but best by shaking for a short period of time,

In our own studies the technique described below has glven
good results.

Antigen Dreparation for serum determinations ~5?E agglitination,

T

Twenty-four~-hour old cultures grown on buffered 1 percent

dextrose agar at 37°C. are suitaubls for the preparation of O-antigen.
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They are placed in physiologic, phosphuto-buffered NaCl solution

and cooked 1 hour in & Koch kettle to drive off the H-antigen. An

end solution of 5 percent phenol is added for preservation. To

prevent the formation of masses and the tendency toward spontaneous
agglutination which the cultured forms of the strain usually exhibit,
all O-antigens are shaken for 5-10 minutes in an Ultrasonator. The
frequency and the duration of the shaking is regulsted according to
the degree of clumplng and also upon the thickness of the suspension.
At a vibrational frequenocy of "iwitz" the aim is schieved in 5 or 10
minutes generally with 32-38 watts. The bacterial aggregate is thereby
homogenized without any injury resulting from being subjected to
ultrasonic vibrations for such a short period of time. The antigen
thus manufactured remains stable in suspension and still usable after
half a year in a refrigerator.

O-antigen manufactured by the above described msi'.hod frequently
gives an acld yeaction despite being sbsorbed in a buffered NaCl
golution. This has no definite effects on 4muunization, but does on
agglutination studies.

The ability to sgglutinate spontaneously increages with rising
scidity. Therefore for this purpose (eliminating gpontaneous agglutmation)
a careful neutralization to establish a pH of 7.2 18 absolutely necessBIy.

E-antigen ls obtained through the addition of equal volumes of
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0.6 percent formol-NaCl solution to an 18-24 hour old culture on

dextrose bouillon that was incubated at room temperature and was
phosphate buffered, after which by mlcroscopic observation the
extent of error of characteristic colored forms was determined
for the rough forms, and their maximum mobility was determined

in hanging drops. Such H antigen is not always very agglutinable.
More suiteble are H~antigens from bacterial plates after the
method of Gard. The medium is modified by the addition of 1
percent dextrose and phosphate buffer wixture, and its surface
must be moist, so that if necessary its surface must be moistened
with dextrose bouillon. Then, the bacteria are dropped into the
medium and after T2 hours growth at room tempersture are rinsed
with 0,3 percent formol--NaCl solution. 1 percent dextrose agar
plates moistened with an agar concentration of 1,5 percent fulfill
the same purpose.

Serum is obtained by inoculating rabbite intravemously at
intervals of 3-5 days with increasing quantities of antigen, beginning
with 1 ml. When a high oenough titer is obtmined, whereupon it can
be found in blood withdrawn regulerly st the end of each week,
immunization is discontinued and the serum is obtained by heart
puncture or exsanguination. After the addition of a disiunfectant,

in a refrigerator at 4°c, O-sera wlll be bost preserved by the use
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of phenol in an end concentration of 0.5 percent, and H-serums by
50 percent glycerine or merthiolate at & dilution of 1:10,000."
Before immunizing, it is slwaye necessary to ascertain whether or
not the serum of the animal contains Listeria agglutinin, If
these are present in titers of 1:80 or over, that animal cannot
be used for the obtsining of Listeria serum,

It is easy to further the manufacture of OE sera by injection
of formolized bouillon cultures or agar elustes. Naturally, living
bacteria may also be used here. But then one must teke into account
the loss of the enimals., It has been overlooked so far, that nothing
will be geined by immunizing with living Listeria,

Pure O-sera is obtained by the injection of elustes that were
boiled for 30 min. to 1 hour. In practice, for the analysis of
0-antigens QH-sera may be used, if the flagella antigen is previously
destroysd by bolling.

Pure H-antigen may be obtained by the saturation of OH-serums
with O-antigen of the strain being used for immunization., Hirato
and coworkers (111) used for immunization shaken Listeria elustes,

from which the bodies of the bacteris had been drawn off by centrifuging

end which contained the broken off flagella in great ».;a}zantities. This

antigen ylelds nearly pure H-sera.
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Methods of eluation:
1. Use of O-antigens.

For this purpose Drogalski plates containing 1 percent dextrose
agar thatu 1s phosphate buffered, are inoculated with L. monocytogenes
from an 18-24 hour old bouillon culture and incubated for 2L hours
with the thermostat set at 37°C. The growth is placed in sterile
phosphate NaCl solution, cooked oms hour, fixed by the addition of
phenol-NaCl and centrifuged. The overlying 1iquid is drawn off and
the precipitate used for absorption, For this the precipitate is
mixed with a corresponding quantity of 1:20 or 1:40 dilution of OH
serum and incubstes this mixture 18 hours in a water bath at 50°C.
Even if after this time the mixture is still quite cloudy it is
recommended that the nsutralization be repsated in & second stage
of work. Thenthe pure H-serum may be clearsd of any remaining
particles of bacteria that are still in suspension and presexved
by the addition of 0.5 percent phenol. This kind of H-serum may
be kept for a year.

In the seme way the O-sntigens of different types are obtained

and used for the manufacture of O-factor sers.

Empirically it was found that in the case of immune sera with
bigh O- and H-titers at the least the growth of 3 to 5 Drogaleski
plates are required for the removal of the homologous O0-sgglutinin

from each 0,1 milliliter of vhole serum. These figures serve only
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as a stopping point; as naturally they vary with respect to the
serun titer and the quantity of bacteria.
2. Use of H-antigens.

The growth of surface cultures on phosphate buffered 1 percent
dextrose agar in Kolle dishes after standing 18-2li hours at room
temperature serve as H entigens for obtaining E factor sera, It
should be remembered that the surface of the medium should be as
domp as possible and that only cultures showing maximal motility
"be inoculated. The bacteria mre then placed in 0.3 percent formol-
NaCl solution and softened with the thermostat at 37°C. then
thoroughly centrifuged, and used as the sediment in the second
abgorption, that is obtained in the same way as described sbove,

“at 50°C.

The H factor sera, when preserved with phenol, may also
be kept for a full year.

Research techniques in agglutinstion studies.

For study, the antigen should be so placed in tubes that
about 500-1000 million bacterias are contained in 1 ml, of the eluate
vhen ready for use. The standardization is made considerably easier
by theuwse of & barium sulfate standard after MacFarland,

1/2 ml, of the antigen eluate will be added to the same

quantity of the dilution of gerum under considerstion, beginning

'
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at 1:10. 0.85 percent of phosphate buffered NaCl solutlion serves as

a means of suspension in all cases, according to the technique
inaugurated by Hutuer, since thereby the tendency toward spontansous
agglutination that is often present is reduced to an absolute minimun.
The dilution of the NaCl concentration to 0.2 percent rocommended by
Boeckels hersby becomss superfluous. (2kec, 18).

For carrying out the serologle: research on reagent glass, it
is necessary to read off 0-sgglutinations after 14-18 hours stay
in waterbath et 50-52°C. , followed by a few hours stay in a refrigerator
at %°C., and including the usual antigen and serum contrals; they
are best read with the naked eye against a dark background and with
the light coming from the side. For use of the agglutinoscope the
control tube with antigen-NaCl mixture must alwmys be available for

* comparison,

The agglutinates are 1lumpy in the lower serum dilutions,
shredded or ssusageliks. At higher dilutions théy ere find, granuiar,
and can not be shaken up. H agglutination may already after 2-4
hours {the latter time for H-factor sera) stey in a weter bath at
50°C. followed by 15-30 minutes gtanding at room temperature. Here
the agglutinoscope and magnifying glass are best seot eside, and the
results read by the naked eye in suitable 11lumination. H-agglutinations
are recognized by a white, fisky precipltate and can be easily shaken
up. That which cannot be clearly seen as BE-agglutination by the naked

eye should not be considered as such.
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The study may be carried out on an object glass:

It is more feasible here to use a somewhat thick antigen. The
O-antigen submitted to sound waves is cemtrifuged and the supernatant
liquid drawm off until a small residue remmins in which the precipitate
is again suspended. A drop of this eluate is mixed with a drop of
0-factor serum on an object glass and after keeping on a slent for 2
minutes is observed with appropriate lighting, For a most appropriate
test one may place simulteneously on an object glass an antigen in
two or three factor sera and a drop of NaCl solution for control.

In this way one has at once serum and sntigen controls before his
eyes and obtains greater certainty in reading and in evaluation.

Not so simple is the object glase agglutinstion in testing
for H-antigen because the preparation of good flegellate antigen
suspensions from surface cultures is not usually possible. The
author used 18-24 hour old cultures, which were grown on the surface
of moist, buffered 1 percent dextrose agar with an agar concentration

of 0.8 to 1 percent at a temperature of 22-24°, If elso from most

strains an outgrowth analogous to the Balmonells was absent from
the Gard dishes, there results, howaver a sufficient development of
flagells, to make possible the agglutination research with H whole
and factor sera with living antigens. With a small platinum loop

or the point of & platinum needle one takes some of this bacterial
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meterial up, from the surface of such a colony according, naturally,
as for as possible a growing area, and dissolves this carefully in
a drop of H-serum previously placed on the object glass, and, for
control, into a drop of NaClL solution., A valid, flaky agglutination
is only demonstrated if the control reacts unequivocally negative.
With the four Listeris strain types of Paterson that are
preserved in the Netional Collection of Type Cultures, London,
(Dr. Cowan) in the Institute of Bacteriology of the University of
Tousemne (Dr. P. Hauduroy) as well as in the Health Institule of
Bonn University, may,.in the following manner, by the use of the
previously described technical procedures, be determined with

serum suiteble for detection of types.

(see table 3 and 4 on next page)

In our own studies the egglutination formulas developed by
Paterson were in general confirmed. They are fourd useful for quick
determination of Listeria types on a serologic basis and they may
be simplified even more for routine investigations, so that the
following diagnostic formulas may be formed (Table k.

Every strain that is agglutinated by this O-antigemn in I, I1
sorum and I serum, belongs to type I or type 2, testing of H-antigens

in sera A, B, and D, making possible the type diagnosis.
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Teble 3, Absorption formmlas for Listeria O- and H- factor sera.

O-factor
serum

I, II

O-serum from No, 7973, saturated with No, 5214
or any other type I strain.

O-gerum from No. 7973, saturated with No. 5105
or any type 3 strain,

O-serum from No. 5105, saturated with No. 7973
or any other type I or type II strain,

O-serum from No. 5214, saturated with No. 7973
or any other type 1 or type 2 strain,

H-factor
gorum

OH-serum from No, 7973, saturated with O-antigen
of No. T973.

OE-serum from No. 7973, saturmted with O-sntigen
of No. 7973 and H-antigen of No. 5348, or OH-
serus No. 7973, saturated with OH-antigen from
No. 5348,

OH-gerum of No, 5348, saturated with O-sntigen of
No. 5348 and H-antigen of No. T973, or OH-serum
of No. 5348, saturated with OH-antigen of No, 7973

OH-serum of No. 521k, saturated with O-antigen of
No, 5214, and B- or OH-antigen of No. 7973.

I. With the use of whole sera, H-sgglutinine are still present
after saturation thersfore only O-antigen may be tested.

2. Appsrently the C-agglutinin formation is not constant,
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Table 4. Simplified diasgnostic antigen pattern for L. monocytogenss
(Seeliger and Linzenmeier)

! Original Wo. Diagnostically important
of the Strain O~factors H-factors

T973 I, I, .... A, B

5348 I, II, ..... B, D

5105 I, IV, .... A, B,..

5e1k V) ceeevnces A, B...

i

Instructions for carrying out the studies:

O-factor sera I, II-I-IV, and V are needed as well as
H~factor sera A~-A, B and D.

Strains thet are agglutinated by I, II sera but not by I sera
velong to type 3. Proof: agglutination in O-serum IV,

Cultures of which the O-antigen is not agglutinated in O-sera
I, II and IV but are agglutinated in O-serum V, are to be cleared

as type k.

Type V-sera reacts equally well with all type 4 strains whether
they beléng to subtype 4 a or subtype 4 b, In additlon to a common
O-factor, it containg still ancther agglutinin, that is not removed
by saturation with the strain 1071/53 ~-Preuss, Wuppertal, and only

agglutinates strain 4.a. Conversely, one finds in the O~-sexrum of
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the strain 1071/53 in addition to the common agglutinin, a receptor,

that is not removed by absorption with Eak%erson's type 4 O-antigen.
This O-factor serum agglutinates only b4-b straina.

As is obvious, only as small a quantity of pure H-serum may
be developed as of pure B-gorum, They are however, unnecessary
for practical diagnosis » for the same reasons as C sera,

With these factor sera determined for routine diagnosis,
Seeliger (242 4,J) typed more than 200 Listeria culturea from all
parts of the world. Among them were 50 strains freshly isolated
during the years 1951-1954 from human cases of listeriosis in
Germany,

The results set forth below in Table 8 (Footnote: pages
56-57 of the text.) show that generalizations-~perhaps in the sense R
that O-group I (types I and 2) are designated as rodent groups and

0-group 3 (type 4) ag ruminant groups--are untensble and even mis-
leading.,

Overlapping serclogic reactions between the Listeria serotypes
and other kinds of bacteria have to date only exceptionally occurred.

Studies carried out for this purpose (15, 132b, 2421) always
demonstrated the serologlc: differences between L. monocytogenes and
various strains of the Emipelof:hrix»—group. Beeddes, no relation
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to Lactobacilli or Acidobacterla can be demonstrated. Perhaps further
research 1s needed here, as Ludenkaemper, in a strain that we regarded
as belonging to the Listerila group, found strong cross agglutination
in Acidobacteria serum. According to Oezgen, there is also no relation
to Corynebacteris and other gram-positive, motile, or immobile bacilli.

Howsver, the writer observed that Enterococci, could be strongly

agglutinated in Listeria type 4 sera, but not in type 1, 2, and 3 sera.

Other Enterococol strains showed genuine O-antigen similarities with
types 1-3 of L. monoeytogenes; (see p. 121, 127)). Overlepping has
alsc been found between B, coll and Listeria (123, 319),

Thege findings remind us to be cautious, Serologic diagnosis
alone is not sufficient for dlagnosis of disemses due to microorganisms,
but they are a reliable aid only in connection with culturasl end
biochemical methods. The changsover into the cultural rough form
is often, but not always, coupled with the loss of the O-antigens.

A few strains howsver, possess the whole O-antigen, although they
grow as rough forms without exception. Type 4 streins change over
more often according to our own research, into the serologic R-form
than do strains of the remeining types. In this state they are,

whether living or cooked, no longer or only with great difficulty

agglutinable in ’t}ype V, serum. Ths agglutination 18 weak or sporadic
only and will be detectable after 18 hours at 50°C., to be suve,

at low titers.
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b) Precipitation reaction.

The findings obtained by means of the agglutination reactlons
of the different serogroups or types may be confirmed by the results
of the precipitation reaction.

The fine diagnosis of H-antigen components is generally omitted
hers. The usunl methods for obtaining bacterial extract almost always
destroy the sensitive proteins, of which the flagells are composed,
and spare thermostable water soluble substances that are precipitable
by acetons or slcohol, which will give positive reactions to the
Molisch test and will yield negative protein reactions. Accordingly
these have polysaccharide cheracteristics, which consist of the
polysaccharide fraction of the O-entigen, as the precipitation
reaction shows.

Method and technique may be essumed to be known., In principle,

the procedure is always the ssme:

Capillary or test .‘1_7ubea (0.1-0.5 cm. diemeter) the first
£illed with immume serum (if necessary in suitable dilution) and
carefully covered with & layer of the extract or extract dilution.
Readings are made efter 30 minutes at room temperature and after

further 18 hp;;ziré‘stay in a refrigerator. Formation of a definite

kY

white ning et the surfaze limits and subsequent settling of & white
sadiment in the cup of the tube are valid indications of a positive

reaction,
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An elegant method of making vieible the antigen relationships
consists of precipitation in egar gel, that, with respect to the
methods of Oucherlony and others, may be used in the study of the
antigen structurs of individual bacterial species (242 J,m).

High quality immune sera are prerequisite for unequivocal
results.

Filtrates of old bouillon cultures serve as antigens (132 a, b,
20k e) as do extracts of agar cultures that have been shaken for many
hours (188 a), polysaccharide extracts according to Fuller (56, 242 1),
or according to Boivin and Mesrobeanu (242 c, 1),

The findings correspond to many respects to those of O-antigen

formulas and méy be parceived as three different groups according to

the polysaccharide-precipitinogen comtent (56, 242 1),

In general, the extracts reac:b more spscifically than the total
antigen in egglutination study. The cross relationships between the
individuel types that are detectable by agglutination tests are barely
parceptible in precipitation reactions. Only the O-identical types 1
and 2 behave the same. While the immune sera of type 3 also precipitates
extracts of types 1 and 2, the precipitinogen of type 3 reacts only

_in homologous serum. Sora against type & precipitate only feebly
extracts of types 1 or 2, These concomitant reactions arise also in

agar-gel study, (Figure 11).
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Figure 11. Precipitation in Ager-gel (242 m) with
L. monocytogenes type 4 serum,

Middle diah. O-gerum of L. monocﬁogones, type 4

Left.upper dish: Polysaccharide from L . monocytogenes 8 type 4,
Patergon strain.

Right upper dish: Polysaccharide from I ._monocytogenes type 1+
Strain 8/55,

Left lowsr dish: Polysaccharide from L . monocytogenss type 1,
Paterson.

Right lower dish: Sodium chloride solution.

As concerns other kinds of bacterla the opposite is true.

The cross reactions with streptococcal or enterococcal antigens
that are present in agglutination and complement fixation reactions
are only partially confirmed in precipitation tests, While, for
example, Listeria sera of types 1 and 2 precipitate the polysaccharide
fraction of a known strain of énterococci (No. 98) strongly, conversely
there is no such precipitation of Listeria -polysaccharide fraction in
hyperimmune ‘.'Borum of the treptococcus strain Nol $8, although this
strongly flskes out the homologous precipitinogen (2k2 j),

Extracts of six different kinde of bacteria wers not precipiteted
in Listeria sera; conversely, precipitinogen of the Listeria type was
not precipitated in antisera from streptococcus, typhus snd Flexner
bacteria (56). Two sera of the Nyfeldt and Gii)son strain precipitated,
howsver, the carbohydrate fraction of hemolyzed staphylococei, so that

the possibility of further cross-reactions must be reckoned with (56),
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Later works of Jaeger and Myers (123 » 319) deal with the
L-antigens (EKauffmann) of I, monocytogenes,

It was found thereby that the Listeria extracts containing
lipoid after extraction of the organic matter with chloroform and
ether may be precipitated by L-antisers from & coli K 8 (0 8), From
this it was concluded the the L-antigen is a component of the
extractable lipoids., The L-titor decreases with increasing age
of the culturs,

k. Listeria types.

The widespread cultural snd blochemical individuality of
L. monooytogenes contrast thus with a manyslded serclogic picture
that finds its parsllisl in the Salmonella, Pasteurells, Leptospira >

and Brucella--groups,
After repesated obssrvation of Listeris strains over a period
of now nearly 30 years by different res,earch workers with results
equivalent in principle, it may be definitely s;aid today, that the
serologic Listoria-types are constant in vitro.
Doubtless the number of serologic type;s that are known does
not yet include ell the types that are actually present and are
serolegically differentiable, Becauss initielly; the antigen formulas
slmply express only qualitative differences, and allow quantitative differences

to be disregarded, such as for example are found in the antigen analyeis

: : -1
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of Brucella to bs most important characteristic., There are indications
that such quantitative differences exist also in the case of Ifisteria
(20hc,2421,3, 281b). Their observation would so complicate the serology
of Listeria that man has given up further research in that direction.

There are, however, still qualitative differences in the antigen
content of the individusl types. Thus there exists, by way of example,
after the studies of the author and of Donker~Voet, concerning serotype
4 at least two subtypes divisible with serum factors, whersupon
Paterson's type strein corresponds to subtype 4 a and the new type
gtrain (Preuss-Wuppertal 1071/53) to subtype 4 b, The preponderant
muber of type & strains tested to date belong to subtyps 4 b (2h2)).

As already explained, there is no definite relationship between
the bacilli and host or source of origin (country in which found) and
the serologic type on the other hand, It is certainly no accident that
the overvhelming majJority of the rodent strains belong to type I and
that most of the strains from larger animals belong to type L,

However this division that was initially so sharp is increasingly
effaced with extension of the studies. Gudkowa and Sacharoff report on
changes in Listeria--serotypes in the animsl body, for ennpi., on the
developwent of a special horse serotype froa the rodent type, etc.

Such findings have not, to date, been confirmed. We view them, just

as we do the conclusions derived from thew, (345) with extreme skepticism,
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--In any case, the gerologic type determination of Listeria remmins
a helpful means of clarifying epizcotiologlo and epidemiologic
relationships if one does not wish to limit the determination of
the source of infection in 1isteria to mere conjecture.

Table 5. Melezitome fermentation in 162 serologically analyzed

IListeria strains and the source of the same (Guration of
observation: 5 days at 37°C. and b weeks at 22°C.)

Serctype| Melezitose-  |Nuxber of Habitat Source (Country)
formenstion strains

1 negativse 70 Humans, rodents England, South Africa
fowls; cattle, U.S.A., Sweden, Cenads,
canaries, hares, Gexmany, Israel,
guinea pige,sheep France

much delayed Humans, cattle Germany, England
pogitive horses, rodents, Canada
fowl

positive after Humans, rodents, Australls, Sweden,

2-4 days fowl, cattle, England, Canada, the
sheep, deer Arctic, U.S.A., Germaeny,
Augtria, I'rance

negative Human. Scotland

negative Humens, sheep Demmsrk, Germany
much delayed Huken Denmark
positive

negative Humans, fowl, Canada, ﬁ.S.A., France
hares

much delayed Humen, shesp, France, U.S.A.
positive fowl

positive after Human, cattle, U.S.A,, England, Germany,
2-h days sheep, pigs, France, Nw Zealand,

ferrets, goats Argentins, Japan, Israel,
horses
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Subdivision into bilotypes serves the same purpose. With the
similarities in fermentation activity; of L. monocytogenes, only that
for melezitose is useful here.

Harvey and Faber found, in 1941, a noteworthy relation between
melezitose fermentation and sexrologic type classification., With the
general validity of this finding it would perhapa be possible to generally
replace the usual serologic type by blotype determination. To answer
this question we undertook the study of 162 strains, which ylelded,
vwhen a 1 percent melexitose~-bouillon with Bromcrssolpurple as an
indicator wers used, no relationship between sero- and bio-types of
1, monocytogenes (2lk2d,k),

Substitution of seromnalysis with biotyping is not thus possible,
but it can function as s supplementary aid.

A regional distribution of the types is detectable,

In Canada ¢ in the USA are present mixtures of types 1 and L
but also regional incremses in either omne of tho/:;;el. In Germany,
on the contrary, strains of typs 4 are found much less often than
type 1 (2421,3) while in France £42k) and Holland (339) types 1 and
4 are found just about in equal mmbers., Incldentally, type 3 hag to
date been identified only in Denmark and Pamerania (190b, 2423) and
lately in Canada too; the only type 2 strain known to date wms isolated
in Scotland {190b).
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Whether there are also phagotypes of L. monocytogenss is to
date not known, Studies being conducted in the USA at present promige
further findings in this respsct in the foreeeable future. To our
knowledge no lysogenic Listeris strain or specific bacteriophuge has
yot been detected,

The nomenclature of the sorotypes has been established pince
the studies of Paterson, snd these formulas and typo designations
bave been repeatedly confirmed (56,21%4,2421,293)., The Japanese
serotypes gt forth by Hirato and coworkers in 1953 are, according

to our own research (2k23) to be identified with Paterson's types

1 and 4; and, specifically, type A (Hirato, et al.) corrasponds to

serotype 1 and type B and C, (Hirato, et al.) to the serotype 4.
5. Capabilities for causing monocytosis.

Notwithstanding the serologic conplexity and biochemical
differences all sero- and blotypes of the species (. monocytogenss
sre united in their ability to cause monocytosis. This property
is s0 typical that it has been adopted as the nams for the species,

Intravenous injection of living Listeria results s in rabbits,
in & definite increase in monocytes in the peripheral blood count on
the 3rd or kth day postinfectiom,

Murray, Webb; and Swenn emulsified agar suspension by strong
shaking with glass beeds in physiclogic NaCl solution and dispensed
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them as intravenous golutions, which were calculated in ng, of wet
welght, according to the body weight of the rabbit in kg, Careful

predetarminations were necesgaryto obtain 1:119’r correct infection doss.

It must be such that the animals do not succumb to it during the
first week of observation., This is achieved near the LD50 (Footnote:
By ID5y is meent the infectious dose that will kill 50% of the
infected animals (calculntad«according to an? and Minch's method;
Am. J, Hyg.: 27, 493 (1938))). With too emsll an inoculum the
infection does not Pprogress, and thus no monocytogenic activity
results. Here, also, the proper research technique is indispensable
for good results, and the failure to observe methodical procedures
must lead to false conclusions,

Not all research animels are capable in the same fashion, of
reacting to a Listeria infection with a definite monocytosis, As a
fairly constant rule it mey be stated that increased wmonocyte
produetioﬁ arises chiefly in rodents (in natursl conditions, incidentally,
also in husens) but in larger animels practicslly never,

Naturally the blood count changes are also subject to certain
biological varistions, that are connmcted with the virulence and
cultural phases of the strain,

The increass in monocytes observed at Cembridge (172) showed

a rise from 420 to 6820 or from 230 to 15,100 cells por cubic millimeter, --
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Typical research protocol may be illugtrated by the following table:

Table 6, Leucocytic reaction in experimentsl Listoria
infection of rabbits with the Gibson strain from fatal
meningitis {excerpted from Webb and Barber, 1937)

Doses 0.1 mg, [Total number }Polymorpho-{ Lymphocytes | Monocytes
per kg. of of leucocybes [nuclears -
rabbit _{pax mm3 % (Number! % ;Number % | Number

Differsntial
blood count
bafors the
injection 9,800 65

After 65 hours | 13,100 : 39
After 96 hours 12,900 33
After 120 hours| 13,800 S '
After 17 days 10,300 2 58

Often scme of the monocytoid cells are difficult to differentiste.
Such cells, the "borderline cells" of English authors, have been viewed
nany times as transitional cells between monocytes snd lymphocytes,
Nyfeldt and also Bloom believe that these monocytold cells that on the
fourth day after infection comprime 21% of all leucocytes (compered to
21% granulocytes, 1.5% lymphoblasts, 27% lymphocytes, and 28% monocytes)
(1792) are products of the lymphatic systewm, The differentiation of
this kind of transitional form is extraordinarily difficult and is the

subject of exhmustive research,(33,45,179m;b,b,195,211,269,291),
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During the monocytic phase an increasge in basophil colls
occasionally occurs (124,157¢,368). In Nyfeldt's protocol the post-
infection percentage in rabbits varied between O and 44, The signie-
icence of this remarkable phenomenon is not yet clear,

The blood of infected animals is often sterile, Only in the
last stages of fatal Listeria infections ‘i{oes one find numerous
monocytes in Gleasa-preparations of the peripheral blood just as
in smears from organs and reticuloendothelisl cells with phegocytized
Listeria (179f,320,19%,202,240), so that they may be confused with
plasma cells (308, 242),

The authors saw in feldt's laboratory blood smesrs from
rabbits ill with listeriosis with 75% monocytes and similar cellg-~
among which Listeris were prolifically interspersed intracellularly--
that deceptively recexbled plasme cells,

During the course of ascute purulent inflammations (for exampls,
meningitis) Listeria were, however, also taken up by granulocytes.

Seastone observed the same characteristic increase in monocytes
in chickens im! guinea pigs,

Of course, other bacteris are capable of causing monocytosis in
research animals, for exsmple, erysipelas bacteria (B, rhusiopathiae)
(15,60),

Julisnelle found in his monocytosis studies a noteworthy variation

Declassified in Part - Sanitized Copy Approved for Release 2013/06/06 : CIA-RDP81-01043R002000110002-1



Declassified in Part - Sanitized Copy Approved for Release 2013/06/06 : CIA RDP81-01043R002000110002-1

-58-

and observed cases in which the polymorphonuclear cells increassd
instead of the monocytes; occasiomally it amounted to severe leukopenia
instead of the leucocytosis that would normally appear, .
No monocytosis can be induced in rabbits by repeated injections
of killed Listeria suspension. In humans, too, the injection of such
vacoins shows no results with respect to monocyte muitiplication (179f£).
Stanley (253a,b) achieved similar results; since he found that
the injection of 0.5 ml of an 18 hour old bouillon culture of living
Listeria ususlly resulted in an increass of monocytes after 96 hours
of from 3 to 244, and after the injection of a billion (one thousand
million, here) of bacilli killed by heat an incresss of only from 4 to
9% after 5 deya. ’ .
The agent that produces momocytosis (MPA) was obtained by Stanley
in 1948 while working with Listeria, in the extract from dried and
Figure 12, Reticuloendothelial cells with phagocytized
Listeria (mouse spleen) Myﬁmmld-v(}ie-sa-mming
(after Harvier, Lavergneu
pulverized organiems which had been treated with lipoid solvents.
The yleld of lipoid extracted with petroleum ether was greates, but
chloroform or sther extracts wers biologically more active, The
polysaccharide and protein fractions had, in animal research,
practically no monocytogenic effecty on the contrary, the monocyte
component rose after an injscticn of 0.5 ml, chloroform-extract,

frog 2 to 229 after T2 hours,
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The MPA is found in minute quantities in the wash water end
will only be set free after mechanical destruction of the bacterisl

cell, so that this may, doubtless, serve to explain the negative

findings after injection of killed, but otherwise intact, bacteria.

In this connection it should be noted that other lipoids too--
for example the fatty acid fraction of phosphatides isolated from
tubercle bacilli-~have a monocytogenic action in humean and animal
tissues.

The existence of and properties of the Listeris lipoids were
confirmed in Murray's Institute (317).

The most important property of this substance that has not
yet been obtained in a chemicslly pure form is its ability, to cause,
in normal rabbits as well as in those immnized with Iisteris
suspensions, a reaction of the hematopoletic system, that cannot
be diffsrentisted quentitatively or in the course of tims from
sxperimental monocytosis after infection with living bacteris,

Figure 13. Monooyte curves after injection of living
Listeris and of MPA in normal and immunized rabbits
(after Stanley (1949)).
No, of monocytes per cubic millimeter of blood
6000 immmized rabbit (0.3 ml.
5000 of an 18 hour old culture
hooo mesmmbmens immmized rabbit 1 ml,
3000 MPA in NaCl solution
2000 ~s~vem v, =, Normal rabbit (I ml,
1000 NaCl solutiom)
-] vesesssese 1 WL, MPA in NaCl

solution
0 2k 48 T2 96 120 1kk hours
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In agglutination, precipitation, and complement fixation tests

on whole serum from intact organisms, the MPA appears to be not’

sgglutinable, precipitable, complement fixing or antigen-binding, thus,
to be altogether inactive.

later studles (123,319), state that the serologically active
L-antigen reacts in gimilar fashion as a pert of the lipoid complexes
and can be precipitated by specifically absorbed sera from E, coli
X 8 {0 8).

The Listeria-lipoid, although itself not an antigen, incresases,
nevertheless even ags do lipoids from fungl, tubercle bacilli, etc,
the formation of antibodies against heterologous bacterial antigens
1f it is injected conoomitantly with them (83b,253b).

A toxic effect is not detactable svan after intravenous injection
of 5 ml, of a thick lipoid emulsion. In contrast to this the
polysaccharide fractions were highly toxlc for mice and rabbits, On
admintstration of greater quantities of polysaccharide fractions than
the IDs5y 8 severs leukopenia develops and the animals die in a Tew
hours without resulting in a rise in the granulocyte count. The MPA
will be met free from the bacteris in the liver of animals with a
fatal infection. The number of liver necroses (see the following
section) parallels the amount of 1ipoid bodies set free,

The ability to cause mnoéytolis that varies from stain to
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strain will thersby be explained, as the MPA is present only in
1imited smounts in rough cultures, and its content in fresh strains
rapidly declines after passage on the ugusl mediam,--Therefore it
1s advisable for this kind of résearch to make a passage first
in animals,.~- Although this substance is lllfrdly toxic, highly
virulent strains contain much, but nonpathogenic cultures only a
1ittle, MPA.

6. Pathogenicity for enimels (including pathologlic anatomy).

Listeria strains freshly ieolated from pathogenic material and
smooth laboratory cultures sre, without exception, pathogenic for
animals. This is cne of the most important characteristica. Testing
of pathoganicity for animnls should not be overlooked at the first
isgolation of a nev strain.

They extend thewselves to practically all laboratory animals. and--
as is familisr from the epizootiology of 1isteriosis-~to a large mumber
of wild and domestic animmls both smell and large that for obvious
reasons are only exceptionally employed for hbmtow purposes,

The pethogenicity is not conditioned by exotoxin.

The result of animel experimentation is authoritatively influenced
by the virulence of the strain used, Thare are highly viruleat straing
of vhich the smellest guantity of bacteria will lead to the death of all
the resesrch animels, snd others, of which the largest infection dose
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will cause no actimn, As already explained in the Fforegoing section,

this depends largely on the content of lipoid substance (253a) and
will moreover, be determined by the applied quantity of polyssccharide,
that may correspond to the endotoxin, Therefors the rough strains
when they are 1ipoid free and polysaccharide poor, ere only slightly
or not at all pathogenic.
By animal passsges definite increages in vi:’mlence may be obtained,
0f critical significance are the infection dosages (172, 281b)
and the msthod of spplication. By using doses less than the I.D50 an
increasingly greeter percentage of the animals survive the infection,
The intravenous, intrsarterial and intraperitoneal pessages lead most
certainly to fatal disease, Just as do intracerebral or intrathecal
infection., Subcutaneous, intramuscular or peroral administration are
fraught with an increasingly larger quota of failures,
Obviocusly the pathogeniocity is different for the various research

animels, wherems with many known strmins even susceptidle kinds of

animels cannot be fatally infected, ! However,thers are present, maybe,
differsnces in resistance smong the individual research animsls.
Research snimals: Among the msell laboratory animels that are
particularly well adapted to experimental Listeris infection are rabbits
snd mice, which die with greet regularity after intravenous, or intra-
peritoneal, snd the latter also after subcutanecus, &dministration of

living becteria.
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The injection of 0.000001 to 0.2 ml of 24 hour old dextrose
bouillon cultures led to death in from 1 to 5, but occasionally only
after 10-1l4 days (132a) insofar as the strain bad not become avirulent,
The existing differences in the doses having lethal action require

in controlled studies--about like the determination of the therapsutic

index of & drug--a previous determination of the LD50.

It has been reported, fuxrthermors, that chickens (intravenously)
(234,240,271), Fhesus monkeys (232), hamsters and golden hamsters (188,
298), sheep (29,82,86¢,87,111,134,186 and othidrs),as well as pigs and
cows (29,86c,87,248) can be succegsfully infected.

Zink and coworkers mention besides, that with 12 six-day-old
chicks infection d4id not take place with the strain that they used.

Similar differences in the host sueceptibility appear to be

present likewise in guinea pigs.

Although numeroue authors (31,40,99,132,172,232,234,271 and
others) have desigusted the guines pig as a suitable research animal,
Stanley could induce MWXI& of E;lac:/ animils, The death
of infected animals took pl;ce on about the w23rd dsy (19). Other )
researchers (188,189,242 1) found guines pigs resistant to tests of
strains freshly isolated from humens and animsls despite relatively
high infection doses.

Obviously larger doses are required to produce infections in
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guinea pigs than in other emall research animals, Correspomlmglq
1% was determined that--in general--only intravenous adninistration
1ed to fatal infections, while after intraperitoneal adminigtration
the animals generally remained healthy (see 204, 322 and others).

Transmission studia.s were conducted on mountain cocks (155)
and doves, Besides, 1t appears that pigeons are to be considered
as often being resistsnt to Listeris infections, (not, however,
sgainst the microorganisi of pig erysipelas) (99). On the contrary,
1t has been reported that horses, dogs and cats! cannot be artificially
infected (278). FRate will likewise be considerably resistant (188,202).
According to still other reporte rats are susceptible (278) but
relatively large iafection doses are needed (281b).

Courss of the disease, Just as under natural conditions the
course of the dissase takes many forms and varies with the host (83).
In rabbits, guinea pigs, mice and desert jumping rodents (Tatera
lobengulme) the disesss is characterized by a generalized infection
with massive liver involvement (L72, 187 and others) while in chickens,
vesides the disseminated diseass, a severe heart muscle involvewent
with spresding necrosis (240,27L) is notevorthy, In mminants it is
particulsrly manifested by a central nervous system (ONS) involvement
(néurotrophy? see p. 78), that appears as encephalitic or meningltic
phenomena. By experimental infection a gensralired infection of the
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¢ rodent typs may also be produced in these animals,

In gensral, isolated disesse of the CNS camnot be induced in
small animals by intravenous or intraperitoneal infection, such asg are
observed particularly in larger animels in their natural stete., Thig —
. 18 possible in rodents only by direct intracerebral or intrathecal

inoculation (40, 240 and others); the same may arise also after
instillation of living bacteria into the conjunctival sac, but only,
to be sure, after s latent period of many weeks (87,134). Generally
the animals are healthy again after surviving a local conjunotivitiae,
The brain of rodents dying from septic manifestations is bacterioclogically
almost always free from Listeriam, perhaps because the microorganisms
found no time, because of the short postinfection duration of life of
the animel, to proliferate intc ths CRNS.

Biester and Schwarte observed encephalitis in sheep and pigs
only 5 wesks after intsrcerebrel inoculation of brain emulsion of

" pick animals or after repested intramusculsr injection of living

eultures., According to this hypothesis animals might also be fatally
infected by the suboutaneous route. While pigs got sick, the older
aninmsls survived. Jungherr observed the formation of a hemorrhagic i
meningitis in sheep after intravenous injection, but after intranasal
or conjunctival installation, on the contrary, only a transitory

febrile reaction, while in the studies of Olson and coworkers on
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sheep only intrsarterial injection into the carotid artery was
certain to causs it (186a).

A few further examples yield an impression of the importance
of the. method of application for the induction of pathologic changes.

Urbach and Schabinski successfully produced infecvions in mice,
rabbits, and guinea plgs by inbslation, when the animals were infected
accordinz to the technigue of Shops.

Tutranasal infection led in controlled studies to the formation
of @ few lung abscesses (40) but remained immocuous in mice, rabbits
and monkeys (132,232), By scarification of the oral and nasal micosa
peroral and intranasal infection of mice, goats and sheep was successful,
whereby the microorganisms cbviously spresd along the trigeminal ncrve
{6,7,82). But similar studies with sheep and goats yielded no results
according to other authors (111). In guinea pigs only mMyocarditis
without meningitis resulted from intravenous injection, but after
intraperitonsal infection--vhich had previously been shown to have
little recults in guinea pigs--the contrary behavior rssulted (40).
Intravenous infection of pregnant larger animals, e.8.; of cows snd
sheep, 1is often, but not always, followed by abortion and by a
septically infected fetus being born dead (86b,0, 190c). Although
the mother snimel becomes i1l with an endometritis, she does not

die of the infectiom.
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Uterine inflammetion arises under like conditions also in
artificislly infected, pregnant rodents. Of course, abortion do;a
not slweys occur, so that altogether dififerent reports result (86b,c,
95,231,323, and others). With peroral introdustion of Listeria
strains of Adifferent sources by meansof sounds or in the mmsh,
Hahnefeld successfully infected pregnant rabbits as well ag a
preguant goat, to induce abortion., This was confirmed by Gray (308)
who introduced the becteris in the drinking water or installed them
directly into the conjunctiva,

That in srtificially infected pregnant guines pigs a septic
spread of the becteris in the mother snimal results, will among
other things be shown in that the bacteris can be sxtracted from
the wilk glands of such animels that have been rejected,

Alimentary studies on animals that are not pregnant produced
no unique results,

Successful studies with mice have been reported repeatedly
(132a,b, 234) vhen bouillon cultures are introduced a6 the only source
of liguid or Listerin is mixed with the mash. On the contrary,
negative results (204,2423) have occurred even when the becteria
ware introduced directly into the ssophagus by means of the probe
or mixed in the mash together with milk,

Perhaps in peroral infection the sge of the animal plays
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a significant role. The bacteria can obviously penstrate the still
immature tissuss of newborn animals after peroral intake better than
the mucosa of fullgrown animals, This explaing, for example, why only
very young rabbits may be fatally infected by feeding the Listeria
cultures in place of water (172). Hunger is also to be counted-:
among the damaging influences (349a), as a fatal limteriosis may

be produced in guines pigs with regularity, by means of infected feed
after a longeperiod of hunger.

Eyo studles of Anton, To the ¢laseical methods of dotermination
of the pathogenicity of L. monocytogenes for animals belongs the
production of an experimental keratoconjunctivitis, This test » that
was developed in 1934 by Anton &nd a little later by Morris and
Julianelle may be carried ocut with rabbits and guinea pigs. White
mice have also proved suitable (188a),

Technique: After instillation of a drop of a fresh bouillon
culture or a suspension of Listeris in the conjunctival smc a
purulent conjunctival inflammation develope in 24-48 hours that is
often followed by a keratitis. The lids are thick and swollen,
from the inner corner of the 1lid emdos/:ﬁick cream-colored exudate
that contains, in addition to polymorphonuclear leukocytes, monomuclear
cells with numerocus phagocytized I;isberia. This inflammetion generxally
heals spontansously, leaving behiud them a local immmity; there usually
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develops, however, after a few days or weoks, & septic or ence:phalitic
disease, from which the animal then, indeed, may still perish, The

eye test is also positive in artificially immmized animals, Julianelle
tested a largs number of different kinds of bacteris and found theroby
that Listeria regularly led to a conjunctival inflammation and that

this property could be observed otherwise only with E, rhusiopathise,

and to be sure only exceptionally, If the eys infection with erysipelas
bacteria is successful, the enimals almost alwaye die,
Transsission to chick embryos, Psterson (190e) infected

chicken embryos successfully with Listerim., Eight strsins caused
organic lesions when injected into the chorio-allantois which were

quite similar to those in the liver, heart and CNS in matural listeriosis.
The changes in the membranes correspond closely to the picture that

is seen in a few virus infections, A lethal dose in 72-96 hours wae
ascertainsd by means of a Brown 2-hydrometer, to be 0.1 ml of a

10°7 atlutien of a suspension, Rough strains caused no tissus changes,
i Pathological snetomic changes. The macro- and microscopic
“tissue changes are largely equivalent in the kinds of snimsls being
studiedl, or at least are very similar, There are slso in practice

no peculiarities that would appear to require a spacial discussion

of the pathologic snatoiy in natural or experimental listeriosis.
Therefore we here shall smke a preview of these, concerning what ';111
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be discussed in s later chapter, in order to summarize directly some
of the findings in the more important organs.

We are in essential agreement with the statements of the

English pathologist Webb, as far a&s listeriosis in rodents iz concerned,
In the case of the larger animmls we follow the pronouncements of the
reports of Pallaske, Biester, and Schwarte, Gray, King, and others,

In the scopes of this publication it is naturally not possible to refer
to all histopathologic changes in detail, Only the more important

and most charscteristic findings will be included for discussion,

that the pathologist-encounters in dissection of killed aniwals and

the bacteriologist encounters in his animal studies, Individual

items may be read up on afterwards in textbooks or in the references
here cited (29,45,86r,87g,146,172,187,189,281b and others).

It is pertinent in experimental listericsis of saall animsile,
especially rabbits, to note the swiftness and extent to which the
histopathologlc changes fade away (45). The following phenomens stand
out individually:

Peritoneal exudates, The exudate is:-~if at all present--very
rich in cells, In the generally only limited quantity of fluid are
found together polymorphonuclear lsukocytes and many mononuclear
cells, which beoause of their sppearsnce are designated as.monocyte-

magrophages, The latter contain many phagocytized Listeris, if the
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infection is introduced intraperitoneally,

Mesenteric glands and the omentum, In these organs also .
the changes are clearly induced only by intraperitoneal infection,
They consist of glandular swellings and deposition of swarms of

bacterie with monocytes and leukocytes in the fat of the omentum,

Histologically focus~like lesions are shown that have an appearance

gimilar to that of the miliary necrosis of the liver described
below,

Liver., In all smell animals in which the fulminating infection
was not immediately fatal; i.e., those that survived the infection
for more than 12 hours, characteristic liver changes appeared.

Macroscopically the organ is slightly enlarged and covered
with more or less numerous pinpoint-to pinhead-sized gray-white to
yollow nodes which gives it a speckled or spotted appearance, The
\nodults ars distributed throughout the whole liver tissue in a:millary
marner and after intraperitoneal infection are particularly ruasrous under
the capsule, ‘The organ is of brithle consistency.

In section iw revealed a picture of miliaxry focal necrosis.

The focl ars fpmd from ssall round zones with greatly enmeshed
reticulum, in which some large, pallid, mononuclesr cells and nuclesr
debris is incagorated, The latter is more often present in the border

zons, where #x¢ also found polymcrpuonuclear leukocytes and lymphocytes '
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in increasing quantities. In the periphery of the necrotic area the
1iver tissue has disappeared, all but a few colls. After staining,
for exsmpls, with the method of Jansen-Claudius-Gram, the foci appear
to be bounded by swarms of Lin;terie. If aggregates containing only

a few bacteria are isolated, part of them will be lying free, but

- !
others are phagooytized by Kupffor's ster-shaped cells.

These sharply defined classifications (of pathologic changes)
are sometimes obscured by generalized fatty degeneration,

In prinociple the pame changes-«only in increased measure--
characterirzs the pathologic-anatomic picture of liver damage in the
septic-granulomatous clinical form of listeriosis among larger animals,
Thess are obpervéd predominantly, but not sxclusively, in young
animels. DBetter than by words is the typical picture illustrated
by figures 14 and 15, for which wa are grateful for the kind cooperatlon
of Dr. Gray, Michigsn State College, East lansing, and the Journal

of the Amsrican Vet. Med, Assoc.

#

Spleen. This organ is soft, dark red and e:alargad.k Focus
formation is similar to that in the liver, but the focl are less
nuserous, In case of infection by mouth the mess of bacteria here
in section lie thickly mder the cgiul\a s Thilesbychematogenous
spread of the bacteris, (intravemous injection), the pulp iz most

of sll affected. The mejority of the necroses form a} the borders
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of the Malpighian bodies and partly encroach upon them, The
greater part of the foci consist of mononuclear elements, which
are embedded in the pale nucleic network of the eplenic pulp.

The outer limits are defined by accumulations of [;.isteria.

Kidneys and adrensls. As a rule these organs are only
slightly affected and characteristics of focal structure are
not histologically differentiable.

Iungs. Mouse lungs show no changes after intravenous
infection in contrast to the lungs of rabbits. The tissue iz
permeated by multiple gray-white nofes, which ars microscoplcally
gimilar to the necrotic foci In the liver. Only in the center
of the necrotic foci do the momonuclear cells clearly stand out.
Th‘y often s;ov evidence of destructive phenomens, so‘that a
picture is formed which ressmbles caseous pulmonary tuberculosis.

The nodules often attain a dismeter of 1 mm. Giant cell
systems of the order of langerhans cells are detectable in them,
which containr phagocybized Listerisn; gensrally one enfSunters them
only relatively seldcm. In the border zonee of the miliary nodules
numerous Listeria are to be found in sultably stained preparations,

Figure 14, Liver of an 8 day old lamb, with white,
circumscribed necrotic foei, (With pexmission of the

J. Am, Vet, M. Ass., from a paper by Gray and Coworkers,
1b1d. 115: 103 (1949))
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Figurs 15, General view in 100 X magnification of Ffocus~
1like liver necrosis in cross section preparation, -
(hemmtoxylin eosin staining) (With permission of the

J. Am, Vet, M, Ass,, from a paper by Gray snd covorkers, -
1bid. 115: 103, (1949)) -

Figure 16, Medulla in & cow with listeriosis; perivasculsr
infiltrate, focal necrosis, neuron degensration, (Hematoxylin-
sosin, megnified 500 times (jray)).

The similarities detectsd by Webb in the histologic structure of

focal pulmonary necrosis in tuberculosis and listeriosis is probably
conditioned by the fact that under the sction of certain higher fatty
acids from waxes and lipoids a generally similar tissue resmction ensues,
that is characterized by the tubercle or naerotic foous with numerous
mononuclear cells (epitheloid cells). By analogy, the specifically
aotive cubstance might bs isolated from M, tuberculosis and also from
L, monooytogenes,

Heart. In rodente only esmell, infarct-like necrotic foci with
ageregations of Listeria are found., In fowls; on the contrary, the
heart muscle involvement is predominant (76, 240 and others), They
are manifested in the form of yellow-white multiple foci, that are
formed in destroyed muscle fiber, of which the nuclei are pyknotic.

In the center there is necrosis, peripherally thers is necrobiosis.
The ares around the focus shows sccumulations of histiccytes, lymphoid
cells, and a few Dolymorphonuclear lsukonytas (180),
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CNS. While in smell snimels macroscoplc and histologically
detectable changes arise experimentally only under certain conditions
of research, or are seen in the relatively rare encephalitic illness
of the rodents, widespread damage is found in the brains and medullas
of dying larger animals. The bacteria proliferate by preference in

the brain stem, especially in the pons, Pathologic findings eres often

not detsctable macroscopically, thus meking more emezing the changes
found in histologic preperations. In the affected regions one finds
abundant perivucuiar infiltration with lympho- and histio-cytes,

in addition to cellulsr infiltratos in the brain substance, that

generally consist of polymorphonuclear leukooytes, monocytes, and
an insignificant glial infiltration,

In the gray matter the nuclei of the ganglion cells undergo
plesme shrinking, the ganglion itrelf undergoes degeneration of the
dendrite, tigrolysis, snd pyknosis, nuclear degenerstion or nuclear
displacement, so thet often only a cell shadow is yet detectable.

The vascular and parenchymetcus infiltrates arise ususlly only
unilaterally in the afflicted brain. The infiltrate bscomes necrotic,
unites with true abscess formation. Listeria are ususlly found
chiefly in the border zones., -- The changes resemble in many respects
those which take place in "louping 111" (29). Changes that are

similar in principls tske place in the medulla,
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In the meninges it rosults in hemorrhagic exudates with
subsequent purulent leptomeningitis. Polymorphonuclear neutrophils
are the predominating cell type, with the presence of more or less

numerous monocytes.

With regard to changes in the uterus, intestinal mucosa, and

other organs one may vefer to the work of Osebold and Inouys.

Conclusions,

In sumarizing, it mey be said that Listeria monocytogenss

(Pirie, Murray, et al.).is established as a kind of bacteria definitely
delineable by cultural and blochemical methods, that is characterized
by the following lwportant attributes: :

Gram-positive to gram-variable, non-sporogenic, capsule-less,
gerobic and micro-serophil bacilli with ususlly peritrichsl flagellation;
most motility at 20°C.; biochemically little mctive, Dextrose and a
fow other carbohydrates are split with acid formation but without any
gas being produced; scetone in formed mannitol is not decomposed. On
the usual bacteriologic media, sparss growth at temperatures between
L ana 42°C. ForJmation of beta-hemolysin, Division of colonies into

smooth and rough forms with many intermediate stages.
With the appropriate methods of antigen analysis, successful
detection of different body- and flsgells-antigens, and therwwith

the subdivision ints Ferotypes; of which four are well known at present.
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The strains isolated from men and snimals show no differences,
Smooth, virulent cultures are capsble of causing an experimental
monocytosis, which may also be caused by an extractable lipoid mci;iom
By conjunctival infection a typical keratocanjunctivitis may be called
forth in rabbits, Parenteral inoculation leads, in werm-blooded animals,
to septic disease with spreading involvement of orgens, whersby the
liver, spleen and CNS ars most often attacked. Feroral sdministration
results in infection mostly only in young or pregnant snimeis,

In the ~oclassification system the bacteria are related to the
Corynebacteria and the erysipelas bacteris but! are dsfinitely
distinguishable from all known kinds, They comprise their own Genus,
perhaps éven a special Family.

Because of their characteristics they are, however, easy to confuse
with bacteris of the kinds named, and as experience shows, also with
culturally similar strepto- and entero-cocel, (For more about the differ-

ontisl diagnosis and culture msthods ses Section D.)
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B, Listeriosis in animals,

Rationale of naming. All disemees caused by Listeria are today
called "Listeriose” or "Listeriosis". The name Listeriasis is also
somstimes used, The earlier comson name Listerellosis was abandoned
because of the change in name of ths bacillus. (page 1). Besides these
otiologic disease descriptions, which include the course of the
different symptomatic manifestations, thara. exist further diverse
trivial names or desoriptive designations, which were coined on the
basis of a special leading symptom, or in consideration of exclusively
appearing pathologio-enatomical changes. These will be more thoroughly
gone over in the following. Concerming this, listeriosis must be
differentinted by the above described disease indications, ss an
otiologically precisely defined unique disease, that with relative
similarity of clinical or pathologic--anatomic symptoms being present,
originates through different noxa.

I. Geographic distribution,

Possibly, listeriosis was already discovered as a sporadic
infectious dlsease of snimals in 1010 ih Sweden (115), But the
outbreak in England ix stables (19?3/21’); afirst gave impetus to the
careful study of the microorganism Bnd its mode of mction (172).

The aypearance of plague-like infectious disease mmong South African
desert ‘jumping rodents (19ke,b) and the cbmervation of outbreaks in
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sheep ranches in New Zealand (82) mede it spparent that the microorganism
was global in diatribution. The steadily growing number of repof*ts

since then (table 7) from ell continents has shown in the meantime, that--
similarly as in the case of Ieptospirosis, Pasteurellosis, and so on--
not only are a great number of different kinds of animals susceptible,
and become 111 under natural conditions » but that there are, also, no

goographic or gecmedical limits. It has been reported existing in cold,
hot and tempermte climates. By the currently increasing knowledge of
further susceptible hoste and by the experimentally demonstrable
capability of resistance of the Listerie against unfavorable environmental
influences it appears a priori improbable that the disease should be
confined to only limited areas. .

Concentration of pertinent information (for example, on the _North
American Continent) should not lead to the conclusion that the dlstribution
is incrsasing or is greater there than it is elsevhere, V

As 1s the case with many othwr infecticus diseuu; it happened
that in this connection, listeriosis was disc&emd to be a zoonosis
86 soon as 1t vas found in men, This development led, in veterinsry
ressarch in the USA, to & series of information-rich results and paved
the way for studles in Zuropean and Asiatic nations,

The statement that the distribution of the dixease is worldwide
among snimel strains doss not mean that it ought to be found. Our
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knowledge of the exteut of infection of the most important grazing
éreas and varieties of animals is still particularly full oé gnps::
That applies not only to global dotectipn but also to the distribution
of the disease within national and continental borders, There is still
need for extensive scientific resesrch on & large mumber of sources,
in order that we mey grasp the full significance of the extent of

the Listerim infection. That despite the widegpread distribution of
its foci of infection the direaso may menifest itself only as small,
locally limited outbreaks may be considered today as proved., It is
certain that listeriosis was long ego known in animals under the names
of other diseases. As exaumples are to be mentioned the "staggers”

of shesp in New Zealand and Germeny (82, 189) and the "melignent
catarrhal fever" (22a) and probebly, too, the "pig grippe” and other
diseaces of domestic animals.

The results of present studies conducted in the field of
votsrinary medicine allow ons to conclude that the amount of listeriosis
kriown to exist at the present time is only a small fragment of the
actual distribution and extent of infection, ,

Such conclusions mey sound surprising after mors than 70 years
of stiologic study of disesses, varticularly as in the case of
listeriosis; one is dealing with a bacterial infectious Adisedss, of
vhich the microorganism may be found by bectericlogic methods of
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detection. But they are obtained on probubilitya if the ratio of
those found in humen bacteriology or humen medicine is taken for
compprativo purposes, Although here the network of bccterioibgic
research sites is distributed quite unequally throughout the world,
and bacterlologic studies should be much mors numerous, there can be
no doubt that an imuense mmber of cases of illness exist that are
tracesble to Listeria-infection, that have been totally misdiagnosed
f&r a period of ten years.

Bince it is at present still possible to display the world
literature on listeriosis as m zoonosis in table form for a review,
the following will give a view of the present known geographic
distribution and the kind of animals affected (Teble 7).

Of special interest remains the possibility that for the
study of the 1n;1viduul questions the necessary.litersture will be
found here so that one may ewiftly orientate oneelf as to the
situation up to the fall of 1954,
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Review of the existence of listoriosis in the animal kingdom,

Country

Province

Yoar

Eind of Animal

Epldenic

Sporadic

<Authors

Australis

Belgium

Western Aust.

Ontario
Ontario

Alberta

Ontario

Chesterfield,
Morse Islend
(Arctic)

Torento (2)

Ontario
Ontario

Alberta
Saskatchewan
Kandy

Grenzsmark,
Neumark,
Waertheland,
Pomerania
SaXony

Sheep

Chicken
Calf

Rats
Chinchilla
Chinchilla
Calf

Chicken,
Canaries

Chinchilla
Cow, Sheep

Brown lemmings

Lemaing .

Cattle
Chinchills, Rats

Yowls
Sheep, goats
Goose
Lawb
Sheep, Fowl
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Gill

Geurden &
Davos

Machiavello
Kernsdy

McKay, et al.
Figh & Schroder
Bigland

Bain

Byrne

Barrales

Barnum (317)
Avery (317)

(317)
Burton (317)
Bandaranayake
Jepsen

Pallaske

(continued. on next
page)
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East Pruseia
Hesse
Hesse

Herae

Uppes Hesee
(Wetterau)
Leipzig (zoo)

Frankfurt/am Main

Saxony
Sexcny

Lower Sexony
Mecklenberg

Raineland (Bonn)

Cazbridge

Cambridge
North Wales

1951 /42
1943
1941-44
194k
1946
1950/51
1936-39
1949
1950
1951

1951
1952/53

1952/53

1955

1923
1937
1938
1938/39
1939

19841
1952/53

1943
k1
1546
1952
1950-52

1942
19k3

Sheep, Chicken
Rabbits

Duck, Goose
Mouse, Horse
Foals

Angora rabbits
Pige

Cattle

Sheep

Blue eagle
Cow

Cow (milk)
Cow

Silver fox
Shesp, Pig
Sheep

Sheep

Guinea pigs,
Rebbits
Chickens,
Turkeys
Aborted lamb
Chickens
Shesp, Goat,
Hens, Rabbits
Calf

Guinea pigs, Cow

Shesp

Fowls

Horse

Hars

Shesp, Hormes,
Guines pige

Pigs

{coutinued on next
pege)
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Pothmann

Traub

Voterinary
school ,Geissan

Krage

8choop

Schoop

Beller & Zeller

Beller

Schulze

{*Yzgen

Potel

Dobberkau
eited (323)
cited (167)

Schulte (328)

Veterinary
regoearch offie
Greifswald
(313)

Scholz

{pors. commmic)

Murray, Swann
& Webb
Paterson

Pgterson
Watkines (190)
Paf:arson

Harbour

Beine, et al,
Stenberg, after
(321)
Belin et el.
Forgeot; et al,
Belin
Vallée
301'80017: ot al,
(cited 332)
DeBlieck &
Jansen

Jansen and
Van der Bark

SR
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(Table 7 con
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New Zealand

Noxrway

Poland

Sweden /

Velawe
Friesland

Triesland

Friesland, Drenthe

Northern Holland
Brabent, Utreckt,
Overijssel
Overijssel, Drenthe
Gelderland
Friesland

Madras
Sapporo

Aomori prefect
Sapporo

Western Norway

Posen, Germen

1947
1950/51

1951
1951

1951
1952

1950

1951 /52
1953

194851
1952
1952

1931-37

1oh2
1943
1948
1950
1950
1951
1951

1940-43

1910
1929
1gh2
up to

1943

Hen, Silver fox
Canaries

Cattle
Cattle, aborted

Calf, Pig

Fowl

Aborted calves,
bpigs, hen, sheep

Sheep

Aborted calves
Aborted calves

Goat
Goat, Sheep
Sheep

Sheep

Sheep
Foels
Horss

Sheep

Sheep
Sheep

Habbits (?)
Dog’
Mountain cock

Aborted calves,
Iamdb,

Rlbbitl, &r.,
Dog, Blue-

and Silver
foxes, Fovl,

!

Guinee pigs.

(continued on next

Jansen &
Peperimmp
Van der Schaaf
and de Jong :
de Jong I
Van Dorssen & -
Jansen
Van Dorssen.
& Jansen

|
!
|
!
[
|
i

Van Dorssen
& Jansen
Van Ulsen
(326)

Viswanathan

Lavi, et al,
Shanir

Tajima

Asebi

Hirato, et al,
“see (119,245,
262,260)

G111

Grini
Grini
Svenkerud i
Xieland, et al, |
Nurland i
nkerud !
mﬂl‘d,et do]
Pallaske
FEllphers
Hedstrdn
Lillengeon
g;'amby

page)
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Switzerland Cénton of

USSR

Zurich
Ukraine

White Russisa

'

South Aﬁ'icﬁ 6range s Tiger

Czecho-
slovakia

Turkey

U3A

River Distr.
Slovakis

ow Jersey

ow Jersey
ew Jersey

ow Jersey
onnecticut

linois
owe

ddle West

New York

T1linois

California

1943
1945

194953

1955

1939
1942-U45
1953-54
1925-26
1953
1945

1931

1934
193h-36

1935
1937
19384&0
1939/k0
1939
1940
1940
1550
1941
1941

1941
1941 /u2
recl

Hare

Aborted sheep
and calves
Hens, Cocks;
Roe, Hares,
Fox, Cow, lamb,
Vole, Cats

Pigs

Pigs

Rabbit, Guinea
pig, Mouse
Fleld nmicé

Pregnant mares

Sheep

Cow
Goat

Chickens
Sheep

Sheep, Cow,
Bovine fetus
Sheep, Pig

Silver fox
Horse
Fowls
Bheep, Cow
Goat (Rat)
Fowl

Sheep

Sheep

Sheep, Hen
Bovine fetus

Jumping rodent

Hinricson
Olson (185)

Thal (331)

RN

Schlegel &
Frey (pub.note)

Slabosgpickij &
Svincev
Gudkowa and
Sacharoff

Alsufejew (335)

Pirie

Patocka et al.

Ilhami Ozcebe
(343)

Ten Broeck
(cited 240)
Jones & Little
Ten Broeck &
King
Seastone
Jungherr
Grahan and oles
(86e,v,4,5)
Biester &
Schwarte
Cromwell et al,
Jones (131a)
Cole
Olafson

Hurt, et al
(3420)
Henderson
Jensen & GCay
Hoffmarm
Evans & Sawyer

continued on
next -page)
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(Table 7 continued)

Oregon

Illinoise
Illineis

S.~W. Virginis
Illinois

Wisconsin
Michigan
Pennsylvania
Comnecticut

Ohio

Washington
Virginis
Ttah

New Jersey

Washington

Nebraska

North Dakota
North Dakota

Sheep

Goat, Sheep

Fowl

Cow, Aborted
sheep fetus

Cow

Pig

Goet

Dog

Sheep, Cow

Cow

Cow

Wild raccoon
Dog

Sheep, Cow
Sheep

Pig
Arvicolins
vole

Cow

Cow, Sheep
Chinchilla
Chinchillm
Sheep

Cow

Cow
Ferret
Aborted cow
Pig, Hen
Pig

Cattle
Sheep

Pigs

Pigs

Sheep, Cows

Muth & Morrill
(345e)
Graham, et al.
Feimenfeld 68b)
Poppensiek

Hatch

Kerlin & Graham

Eaplan & Lager

Cox

Spencey, et al.

Gray, et al,
(87a-k)

Boucher

Cole

Gifford

Chapman

Pounden, et al.

Ry£ff & lee

Rhodes, ot al.

Lovy

Sellers, et al.
Jensen & Mackey
Shalkop
Shalkop
Stoenner, et al.

- Zink, et al,

Ward
Morris, et al.
Ferguson
Bolin, st al,
Helmboldt, etal,
(341a)
Anderson
Olson, et al,
Woodring
Eveleth, et al.
Eveleth, st al.
_{66a,b)
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This long list (table 7) shows, therefore, the definite
existence of listeriosis in 24 countries and almost 30 different
kinds of animnls and pexmits the lmpression of a widespread epi-
and enzootic distribution of the disease in the animal kingdom.
Characteristically--as for all less well investigated diseases--
the locatlion of the sources are in the nelghborhood of research
institutions, universities, mnd so forth. Many findings, particularly
among laboratory animals, were, according to the statements of the
authors, purely chance discoveries, to which were appended systematic
studies,

Also in Germsny the sources of infection discovered to date
are almost sxclusively in the neighborhood of veterinary schode and
a few veterinary research institutions; they are attached to such
names as Pallaske, Traub, Beller, Schoop, and others., Vast areas of
our hand are, however, not sntirely umexplored, Occasionally &
reference to humen illness may thereugun, in regions where the
diseace is still not yet known to exist in snimmls, perhaps play
s considersbls role in determining the presence of the same,

2, Attacks among vild animels,

Although cne of the first reports demonstrated the occurrence
of listeriosis among wild animals, our knowledge of this sector todey
remains quite sketchy.
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Pirie in 1925 found, during a control test for plague bacilli »
in the Tiger River District end in the eastern part of the Orange.
Fres State, (35 miles west of Johannesburg, 145 miles distant from
the Tiger River Station) a carcass of a South African jumping rodent
(Tatera lobengulae) which had died from typical symptoms of a septic
pyemic Listeria infection.

He conclufed from experimental studies on small rodents (ten
kinds of mice, two kinds of rats) and larger rodents (hares, squirrels,
rabbits) thet pathogenicity was lacking for the larger rodents, and
concluded the same for humens and larger animsls, One might therefore
attribute the snnihilation of the jumping rodents to listeriosis-
infected parssites, This experiment missed the mark (luckily perhaps )
(281a).

Only once was the microorganism found in trapped rats in
Northern Brazil (160}, In connection with this it should be mentioned
that the rat is supposed to be a natural reservoir for listeriosts, (184).
for which today we have ample proof, of course, It 1s a matter of
record that despite widespresd mass surveys in the field of plague
prophylaxis that L. monocytogenss is practically never isolated (261a)
so that this leaves 1ittls possibility that the dicease or ability to
carry the microorganism is present to a great extent among rats,

If today a natural reservoir of the infection has not yot
been proved definitely to be in cxistoncc,wt!.uru are still basic
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suspicions which lead to a search for it among rodents. These axe
indicated by findings smong Lemmings that were trapped in the Cenadian

arctic. BSince some of the animals {Lemmas_trimucronatus trimiconatus

and Lemsus groenisndicus ggoonhndicus! ‘becams 111 of listeriosis

only after transport and p&ssi’ble diminution of resistance, a latent

capacityfor carrying the microsrganism may be pfmtulatod (197).
Similar conclusions sppear to apply to the vole also (153). Findings
of listeriosis in mice are reported in batches from the Soviet Union,
1golated instances are reported in Germany and Sveden (see table .
The frequent finding of the predence of listeriosis among wild rabbits
(92) and hares in the Soviet Union deserves atteution. The latter were
also in Sweden found to be infected with Listeria (169,331), where
among the dying animmls wers found pregnant female hares carrying
dead Petuses (293). lately the disease has also been known to luvade
the French rabbit ranches (272).

The detection of cases of listeriosis among mountain cocks
(155) as well as in foxes and roe in Sweden (331), indicates that this
digease is more widespread among animals of the forest than is generally
estimeted. The single observation in the case of the wild raccoon in
the USA (81) speaks out with the same significence,

The course of the disesse and the pathologic anatomic picture

corrssponds largely to the phenomsna in cases of experimental infection
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and to the disease among laboratory animsls., One £inds in rodents
widespresd septic-pyemic forms with involvessnt of liver, spleen,

heart muscle and lungs, in the case of birds, myocardial necrosls

and liver granulomas, and in pregnent aniwals a purulent endometritis

with septically infected and macerated fetuses.

Necrospy £indings on a few wild animals showed: in roes
subacute, fibrinopurulent pericarditis, acute splenitis, in the case
of foxes and voles, liver necrosis (331).

Since the disease may ulso take & chronic, cresping, course, and
as there exist healthy carriers of the micrcorganism, it is not out
of the question that an occasionsl transmsission from wild enimals to
humen beings results. In bacteriologic exsmination of dead wild
animals, it would be sdvisabls to look for Listeris also, Frobably
they are hiding--just as in the case of husan bsings--under the so-called
cases of "pseudotuberculosis” in addition to Pasteurells cases, also
instances of listeriosis,

To what extent the wild animals are infected with Listeria, ie
not kuswn,

3, Attacks among laboratory breeding and dowestic animels.
a) Laboratory animals. Nasturslly listeris-infections are relatively

seldos obsérved among the snimal specimens of the laboratory. In
consideration of the fine possibilities for study and the expert knowledge
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of its validity, it is porhaps an easentlal point therefors, that
undey absolutely hygienic conditions of living and far reach;!.ng
isolation of the individuml animals outbreaks of the disease do not
oceur particularly if natural and high grade feed is at their disposal.
The only known instance of an extensive guinea pig epizootic

. s
appeared in 1923/24 in s laborstory at Cambridge, There it was

discovered also s a widespraad soptic dissase among rabbits (172).
The pathologic-snatomic phenomena were described in the previous
chapter, Distributed among rabbits mre found cases with chiefly
neurologic phenomens, that are expressed as lethargic states that

are broken by intervals of convulsions, spamas, and cryings., Once
Ligteria were isolated from the heart blood of a guinea pig that

bad been infected with s virus strain at the Institute of Paris (232),

The first snimal in vhich this disespe was discovered at

Csmbridge wes a pregnent rabbit. Fox the first time, i5 yoars later,

Paterson (190f) was able to sgain cbserve the disease in Cambridge

in an animel acquirsd elsewhere, and which died a few weeks after
the mating,

The sutopsy yielded liver necroses, purulent endometritis,
local, adhesive peritonitis, and six dead fotuses.

It is resmrkable that despite the greater susceptibility of

mice no grest epidemic in their cages has been discoversd to date,
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In 1950 in Washington successful detection was accomplished
of L. monocytogenes from organs of ferrets that had been infected.
10 days previously with a contagious virus causing distemper (169).
The animals that were healthy up tp the time of infection showed only
distemper symptoms, How much of these were due to the virus and how
much to the Listeria is not certain, .

Also in certain kinds of lemmings (Dicrostonyx groenlandicus

grosnlandicus and Dicrostonyx groenlandicus richardsonii) listeriosis

was found to appear; at the Toronto laboratories during trichinosis
studies,(16). In contrast to the septic nature of the naturally--

occurring listeriosis in lemmings, in the arctic areas, the animals
kept in the leboratory showed encephalitic phencmena. '

As an 1solated instance the findings of L. monocytogenas in the
subcutaneous abscess of a rat (laboratory animal) in Canada should be
mentioned (317).

b) Breeding snimals. For the smeller breeding animals on fur
faras listeriosis is a problem of econcmic importance that is not to
be undersstimmted, if it slips into a non-infacted herd and gets a
foothold enzootically. It appears that for the disemse ‘t;o manifest
itself clinicelly complex conditions must be fulfilled,

One such outbresk on an angora rabbit farm was reported lately

by Traub, Three percent of the bresding snimalsitook sick. In the
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beginning only young snimsls were affe‘ctod, 1ater, also, valuable
adult breeding rabbits, Clinicslly and pathologic-anstomically it
was a question, regularly, of purulent meningoencepbalitis with a
remarkably protracted course, In no case did full recovery occur,
Symptoms of its onset wers not observed. All affected animals
vere frees from fever, The chisf symptom consisted of a permanent
twisting of the head on the long axim of the body, in sidewisze
beniing of the backbone (scoliosis) and finally in quick rolling
motions along the long axis,

In comnectionfrith this it should be mentioned (231) that the
same microorganism was isolated not only from the brains of geven
angora rabbits but also from a healthy chicken,

The form taken by listeriosis most often in rodents--namely,

sepais, wes prominent iu su spizootic amoug a ranch of 500 angora

rabbits of which 130 anisels took sick and died within 1L days (231).
All diseased snimals wers pregnant and had besides septic phenomenn

a purulent endowetritis, pyometra, and local peritonitis., The fetuses

vere infected ﬂth the nicroorapni-h; but it 41id not lead to abortiom.
The few surviving femsle hares Weré rendered unfit for breeding
as a result of pyometra-, peri~ and pera-metritis,

Various outbreaks smsong chinchillas occurred in 1549 and 1950
causing moderately considerable loss of animals on Canadian and North
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Americen farms that was likewise epizootic in character among ranches
of silver foxes (Lit, Table 7). The latter showed clinically a
distemper--like picture, a further proof for the fact that clinical
dlagnosis of distemper may not only hide a virus disease but also
infections by protozoa (toxoplasmosis) and by bacteria (listeriosis).

Listeria-infections are commonly found in zgological gardens
too {235).

c) Domestic Animals., Almost all domestic animels are gusceptible
to listeriosis; among thea--if one limits oneelf to the repats that
have appesred to date--obviously, shesp snd cattle sre most often
afflicted; after them follow goats, hogs and fowl., The horse may on
ocoasion become ill sleo, Only a few oases have been found to date
among dogs and cats. Even canary birds are not spared,

Listeriosis has considerable economic importance as an epizootic
among cattle ranches.

If slso in the litereture many times only single instances have
been repoted, one should not be deluded into thinking, concerning them,
that since isolated observations by no means alwvays indicate i:ohtod
cases, of disease, because tha disease often taken an atypical courss,
consequently only the futal cases come under investigation, Time and
again one finds statewents to the effect that evan befors the etlologic
detarmination of a fatal oase, other animels have died, in ths nqnt-m,
from similar symptoms. *
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Sheep. The presence of extensive listeriosis was discovered
for the first time at the beginning of the (19)30's in shesp ranches
of New Zealand and Western Australia (82) where the plague becmuse
of its clinical phenomena passed under the name of circling disease,
a desigmtiop that was also current among the Hast Gexrmen sheepfolds,

!I‘hexge reports included numerous further observations, first in the

USA; later in Germsny, England ani other countries in which sheep

breeding thrives, whereby it could generally be noted that, to date,
pertinent reports are still to come from the sgheep breeding areas of
southern Europe, the Asiatic border lands, and South Americe, In
the last year the disease has been discovered in sheep in India and
Japan also.

Listeriosis ocutbreeks among sheep are often very costly in
losses,

Biester and Schwarte repot, for exemple, that of 225 young
aninals that took sick samong s range of 2200 sheep only 3 lawbs
survived the outbreak of the plague, Pallaske figured the fatality
at 15-20 percent,

Among older animsls the courses of the diseese~--as already
explained on page 36 (of the text)--menifests itself wostly as
encephalitis, encephalomyelitis, or meningoencephalitis (29,82,86s,t,
874,g, 134,186,189,206 and others).
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This course of disease was only occasionally found anong
lenbs (872,g,h).

In the foreground of the clinical symptoms stands, in the
case of young animals, chiefly a septic disease pleture, that ig
characterized by widespread liver damege (see Figures 1Y and 15).

Bocause other dissases with simiiar symptoms may exist
concurrently, the diagunosis of listeriosis in sheep is not 1;0 be
made from the clinical symptomatology, .just. as in bovine listeriosis
that will be discussed later,

Confusion with hemorrhagic sspticemias are quite possible.
Anerican authors (36f, 87g) report that ketoses, enterotoxemias,
and overeating mey hardly be differentisted clinically from Listeria-
infection and an etiologic dimgnosis in common outbreaks of these
dipeases in a herd is first successful in practice only on the
dissecting table, In listeriosis in sheep the fatty liver characteristic
for ketosis is absent and likewise ths spreading subserous hemorrhages

of the intesbinal tract and peritoneum. Considerabie difficulty is

encountered in the differentiation of encephalitis due to viruses,
louping 111, from avitesinoses, and also from the circling disesse

(189) caus L-"'by Costiurus cerebralis. Bactericlogic procedures sre

indispensebls for disgnoais. HowMr therein a partnership between
listeriosis and a virus infection play a role; future studies must

show,
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The clinical symptoms generally begin with an inorease in
temperature and incresse in vater and food inteke. These are believed
many times to indicate more or less widespread neurologic injuries;
teeth grinding, jaw muscle stiffness, stiff gait; the snimal moves
in circles with 1ts head bent sideways; (riding school movements )
of whieh the range is limited by the bending that 1g present, snd it
tries to rest against fences s on feeding troughs and so on, Runny:
noses, conjunctivitis, and keratitis often appear, In the far
advanced stages limitations to motion are menifest with crippling
of the hind- and fore-foot; it reaches stages whers it resembloes
uterine paralysis of ocattle, The animsls &re no longer able to
1ift thewselves and finally die. Hematologically ome finds, as a
Tule, & definite leukooytosis with concomitant lymphopenia (186e),

In sheep listeriosis is recognized as baving a quite stormy
coursej often death results only 2-3 days after appesrance of the
Tirst clinical symptom. Ocassionally the disease lasts T to 10 days.

Iately mild courses of the .diseass are .rocogmlzod vhich are
PoOT in sympioms or are symptom free and exhibit no symptoms besides
incresse in temperature snd of leukocytes (186n),

Permanent damsge develops in healed canes, for sxmmple,
torticollis, which sre congidered the result of encephalitis (186b),
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Figure 17. Young sheep -with listeriosis, that is.
leaning against a fixed cobject. Observe the mucopurulent
exudate from the nose, outthrust tongue, and the suow on
its wool (an indication that it cannot meintain its
equilibriim), (By permission of the J. Am, Vet, M.A.,
after a work of Gray and coworkers, 1bid, 118: 2h2, 1951)

The nowe is supposed to be the port of entry for the microorganism
(82,189)., Experimental studies to determine the rhinogenous transmission

of listeriosis.wess successful in instillstion of suspeneions onto the
nagal mucoss and after previous scarificstion of the mucosa (7,82)
but missed the mark in other instances. On the whole, it has not
been possible to date in practice s to cause listeriosis in sheep under
blologic conditions. Thus, one still knows little about its pathogenesis,
But after Listeria were found in the noses or}hultby sheep (245) the
hypothesis of G111, Palluske, and others mey yet be right,

Definite reports on the incubation Hme do not exist., It amounts
Plainly to up to 3 weeks (87g).

Apparently the epirootic outbreak of the digesse is determined
by ths seawons, Pallaske and Gray and others report from their own
observations of this, that the overvhelming majority of the cases of

diseass occur in winter snd the beginning of spring, This is true
only to a limited extent, since outbresks have besn shown to occur
in considerable mmbers in the summer slso {251),
Listeriosis deserver special attention as the cause of infectious
prewsture lambing (190e)., The preguant enimal becomes 111 mainly from
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a purulent metritis, generally without attendant phenomena on the
vart of the liver or the CNS and does not itself die from the-
infection., Septic infection of the fetuses results from intrauterine
displacental transmission with the result being abortion and still-
birth, If infection reeults first near the end of pregnancy, oftener
st111-11ving animels will be born, but these mostly die within a
short time of septic listeriosis, The organism has been successfully
isolated from the organs of the fetuses (for exemple ; rromv the fourth
etomach) and aleoffomr the afterbirth,

Figure 18, A month old lamb with listeriosis,

(Torticollis, dilated pupils, snd strabismus) (Gray)

A larger outbreek, during the course of which 16 animals aborted,
gave riss to experimental studies among pregnant sheep. After repeated
perorsl inteke of large quantities of bacteris three mother snimals
became lame on the right side and brought bealthy animels into thesorid.
On the contrary, all animsls sborted on the 7th to 12th day after
intravenous infection, equally so, whether they were only 2 1/2 wonths
pregnant or were almost !\t full term. Only one animal.gave birth to
living twine both of whi;xh‘ however died shortly thereafter of septic -
listeriosis (190c).

Paterson (190c) has already celled attention to the obyious
parallel betwesn intrauterine-induced listeriossis of young sheep and
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similar cases reported in humans. Almost 15 years later Potel and
"his coworkers were able to prove this hypothesis conclusively in
perhaps the most important course of human unterioda. )

Not alweys however does the infection of the mothex. animal
result in orippling, as another outbreak in a hard of 150 animals
with 19 fatal cases teachas (186a):

In many cawes premature birth resulted without subsequent
illness, Right fetuses that were found in the uterus of animsls
that died of listeriosis, were frée of Listeris, as was also the placenta,
No abortion ocourred during the entire epizootic, ~- On the contrary
all pregnant shesp aborted between the Tth and-11th day after
artificial infection and brought deed or very sick lawbs into the

world,

To sup up, it is thus shown, that all appearances of listeriosis
in sheep may run their courss under different sysptom coqploxes. The
isolated disesse of the brain stem i¥ indeed the most frequent courge
form, In this kind of cases, passage of the bacteris through the
Placenta doesmot appear to oceur (186e),

Goats, Since listeriosis in goats has no important differences
from thet disease in sheep, special dimw.ion is not- Mod. Asyaptomatic

infections may occur (127| ).

Pigs. Pigs, also, are similarly attacked by ‘th;l_ diseans that
in many sountries--including Germany--is relatively troquom Listeriosis .
has been Qbmma ot various times (143,212) in combination vith hog

: -1
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cholera. By conjunctival infection en encephalitis analogous to the
natural picture of the digemse was successfully aroused (86), It
is a question principelly of a 4iseass of young animals (pig-grippe?)
that now and then also occurs in weanlings and larger piglets,
Clinically, tremors, spastic paralyses, coordination damage, and
convulelons are prominent. Death often occurs after only 48 hourge--,
Occasionally Listeris detection 1s successful alsc as a chance
finding in other diseases, for example, in alkali poisoning (35a),

Cattle, Bovine listeriosis deserves & thorough consideration,
as 1t has attained a conslderable significance as mn spizootic in
cattle ranches of North America, Julisnnelle has stated & long
tims ago that listeriosis wes in its importance perhaps the equal
of brucellosis. Today it sppeers that--at least in soms aress--it
alréudy emuser greater damege than Bang's diseese, In all
encephalitic processes, for differential diagnostic purposes, a
bovine listeriosis must be considered, Confusion with rabies and/or
poisoning are repestedly reported (86a,b,f, 87g).

Bows disease sympioms are so characteristic, that they my be
viewed as lesding symptoms of bovine listerioais.

At the beginning oi’ the 1liness the aniwal sepsrates itselr
from the cosmon hexd, lodks for a corner, or leans against the Lences
or other fixed objects. &crording to observations it generally then
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beging to move in circles., The general body state is obviously
seversly affected and food will be refused, Generally the tcnaporat\;re
rises, In sowe animsls s conjunctivitis develops in both eyes.
Noteworthy are the profuse secretion from the nose and the exudation of
viscous saliva, The head is generally sunken to one side, and from
which the ear hangs limply. The tongue protrudes from the mouth,
According to published studies they show damage to sight and mobility,
besides increasing emaciation and usually a more or lass- outspoken
irritability, that may lead to confusion with rabies (86,87).

In the last stasge the animal is comstose, It can still survive
for one or two days in this state, until it finally dies.

In contrast to the acute course of the disease in sheep, the
duration of the disease in cattle couprises an average of two wesks
after the appesrsnce of the first symptom., Some American reports
indicate a mortality rate of nearly 100' percent, However, thars
are also a number of spontaneous cures reported (29,86,87,128,186,

and othars). Cawes with a hyperacuts course seldom survive (207a),

During the course of diseass a leukdcytosis as well asz a
leukopenis may be foumd in blood count oburvutiéns. According to
Grsham, Hester and Iavine these apparent contrsdictions depend upon
the cirdusstance, that the blood was taken for exsmination during
differsnt stages of the disssse. After experimental infection generslly
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results an initial leukocytosis sand subsequent leukopenis, that, can,
however, fail to ocour, The increase in monocytes in ruminants

1s not pethognomonic for listeriosis. Alsgo in cows the connection
betweesn listeriosis and presature calving wss demonstrated (69,86b,:
152,185,258,277,293).

One may successfully induce abortion in sbout ten days sfter
artificial intravenous infection of a cow that is 5 months gravid, whare-
by a brucellosis may with certainty bs excluded. During the search
for bacteria in the organs of the septically infected fetus, which was
successful, the placenta, blood, and colostrum of the mother ani;ml
were found free of Listeria. The research animml guickly recovered
and showed, in the convalescent stage, a r‘in in Listeria titer of
from 1150 (doubtful) to 1:6400 and later to 1250,000 (86b).

Also under natural conditions most of the nothar animels,
obvipucly. survive the disease, which runs its course under the
picture of a uterine catarrh, In this kind of cases Listeria can
be isolated from the slimy exudate (256)and it 1|‘zco-pletoly possible
that these bacteris msy be more frequently found in the genitals
than is acknowledged today (321) Perhaps sven ss normel inhebitants
thereof (69,87m,185). In any cuse there are umistakeabls parsilels
to the premmture lambing induced by listeriosis. Nevertheless, it
is still not Xnown how extensive s part listeriosis plays in infectious

premuture calving.
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It should not be left unmentioned that in young cows listeriosis
may sppear with the features of milk fever or uterins paralysis (72).

The morbidity in listericsise-sncephalitis is distinguiahabie
in afflicted herds, According to American authors as a ruls not more
than 15-20 percent of the animals are attuckod.' This does not exclude
(the possibility) that the greater part of the herd has a latent
infection, or experiences atypical formas of listeriosis, Among a
herd of 27 cows, for exmmple, 8 may die of listeriosis-encephalitis,
vhile the remainder have only a mild conjunctivitis,

The labors of German sclentists have provided some interesting
contributions to the question of atypicul bovine listeriosis, Part
of the observations go back to 1936 and are concerned chiefly with
the stiology of virulent, infectious catarrhal fevers, that according
to Ernst should be calleithe cattle form of Borna's diseass (cited
in 22),

Figure 19, Cow 111 with listeriosis (Note position
of head, drooping right ear, pretruding tangue,
copicus sslivation}. (By permisgsion of the J, Am,
Veot. )H.A. after Gray and ocoworkers, ibid, 118: 242,
1951 -

This view has not, however, been generally accepted, First
the endeavors of Witte, and later the widespread studies of Beller

and his covorkers are to be thanked that a far reaching eixplanation
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Wwas finally developed. All cases that manifested themselves clinically
in the form of mevere catarrhal symptoms in the oroup membrane? , the
nasal rucoss » in the trachea or bronchi, or as lobar or lobular pnetmonia—a »
bad this in common, that the bacteriologic detection of I, monocytogenes
Succeeded. The bacteris were immediately designated as "Vilbeler baciili" v
In a series of cases the Borna-virus was morever, found, a finding that
should not be underestimated, Whether it 1s hers & question of a chance
association or of a conformity to a law, may be clarified by further
research. In any case, Listerin must be considered ag an essential
factor for the appearance of virulent catarrhal fevers (e2),

Listeriosis appears to DPlay a role, furthermors, in the genesls
of mastitis, although at the bresent time a less important one,

Fyfeldt and Schmidt » in 1938, cbserved 3propos of a suell epidemic
OF humen listeriosis, that this apparently resulted from infected milk,
Wraaby later cultured Listeria from milx and from the udder of animels
111 with mstitis, and in 1951 Potel and coworkcrn,--indopendantly of
the authors—~named investigated the significance of infected milk and
wers able to culture the becteria from one suchbase. The studies
conducted by Halle (61,2042,323) 1n this sphere yielded hypotheses
for that, that atypical mastitis Was probably due to Listeria algo,
A certain ressrve is now appropriate in the explanation of these
findings obtained exclusively by serology, since one knows relatively
Little about the significance of the IListeria titers,

: - -01043R002000110002-1
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Reports on the titer values in animmls and their significance

are to be fouwnd summarized in the chapter on the serodisgnosis of

1isteriosis (p. 118 ££). iz

In a few animals that survive listeriosis of the CNS, typical
postencephalitic or postayelitic sequelse sppear. Such animels
appear dusb, have diffioulty in sseking food, fall frequently, and
cannot hold their own in a herd., Similar phenomens ars 8lBo soen
in sheep,

Gray and Moore studied brains and medulles of six cowe that
had survived sn outbreak of listeriosis in a herd for one year before
being slsughtered, and before they wers themselves taken sick,
Tisteria detection by culture was no longer successful. Timsue
sections revealed well defined aress of connective tissue that
becams more heavily stained than the surrounding tissues. In a
tew foci of this kind they found & few 1ymphocytes, others consisting
of hysline materisl, and a substance vhich they concluded was formed
by calcium deposit, To all appearsnces it was s question, in
comective-tissus; of healed foci of 1isteriosis.

Horses. A few observations exist of 1isteriosis in horses
(21,89,149,261, and others), Fncephalitic symptoms predoainate,
the dissesed animels show increassd irritability, escphagesl parslysis,

and concomitant stomatitis and inflamsstion of the messeters, vith
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resultant difficulty in mutritional intake (feeding), besides a
not seldom presence of purulent keratoconjunotivitis, ~-- Death ocours
generally about ten days after the appearance of the first symptoms
of the disease. -~ Many times Listeria will be discovered in cases
of cliniocal Borna's disease and as & source of septic pyemia of
the fouls, ~- In a extensive outbremk in & herd of 200 pregnant
mares, that occured in 1945 in Turkey, 12 snimele had symptoms of
an encephalitis and died within about 5 days. Premmturs foaling
resulted neithsr in the diseased animals nor in the cnes that
remained healthy (343).

Fowls., In fowls listeriosis appear sporadically and

eplzootically as an acute or chronic sopais. Liver and heart
muscle involvement increase in frequency. The heart auscle is
covered vith pinpoint-like, gray-vhite, swollen foci, similar
to those in the cuse of Fullorus infection. Besides the myocarditis
there often develops an spicarditis with fidrinous deposits and
an adhesive pericarditis && well, The pericardium is then £1{1led
with an amber liguid., Healthy carriers of bacteris are found many
tines, The microorganism mey also be isolated in the course of
leukenic disssse of fowls, according to the other reports, from
the liver that is not altered pnthologic-gﬁtodcnlly, of animels
that died suddenly, also from the splesn in a clinical Coryxi (3k2a),
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8iek chickems often begin to go lams, to become thin, and to @o
blind (209). Often one finds isolated ovarian inflanmwtion as
the only indication of listerilosis. Concomitant appeerances of
asysptomatic listeriosis with Newcastle-disease have been reported
in the U.S.A, (35b;. - In canaries the diseass runs a predominantly
septic course (30,275) the same as in turkeys, ducks and geese,
in which in Ceylon neurclogic damsge was slso discovered (%),
Dogs. Dogs are alsc sueceptible to listerisis (43).

* Clinically the disease ran, in & #3x months o0ld Gog, like the
course of a distemper, Central nervous system damage and fading
sight were the most isportant symptoms. In the differential

blood coamt a definite monocytosis was detected.

Since the pathologic-anatomical findings have already
been described above (p. 32 £f) with respect to their sslient
characteristics, a few mors descriptions pertaining particularly
to this kind of animel, may be listed hers, Individual Teports
may be followed up in the literature cited,

A peculiarity that one finds more often in listeriosis
wnder natural conditions tm in experimental studies consists
of the cbservetion that during the course of this disease,
conasidersble pericardial, pleural, and peritonsal effusiomns mey

arise. The exudate curdles remarkebly swiftly in a reasgent glaes
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and contains a large quantity of triphosphate crystals.

In conclusion it is to be emphasized that it is certain that
gtill other diseass syndromes exist in which listeriosls plays a
causative role. This is sspecially true of all domestic animals
in which with considerable frequency arisss a detectable honeycambed
liver necrosis. Whether it is here a question of a specisl form
of listeriosis, is still not certainly determined, After all, the
bacteriologic findings would lead ons to just such & suspicion
(Rubarth and Wollatsz). )

There is littls to be said shout pathogenesis, as hardly
any definite reports exist as to the point of entry and the
dissemination of the microorgenism in the body of the animal under
naturel conditions., The results of experimental studies referred
to above vary considerably.

0f considerable practical significance mmy be the answering
of the question as to why, in infected herds, generally only a few
animals fall 111 with myelitis and encephalitis, Additional factors
in the form of & listeriosiz-enhancing agent (Olmon 321) among which
may possibly be connulo& one or more viruses :hnt s in any case appear

to influence the course of the disease considerably.

4, Bpizootiology,

Notwithstanding the large number of casuistic and methodical
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contributions to the theme of listeriosis in animals our understanding
of the epizootiologic provisions remains to date quite full of gaps,

A natural reservoir of the microorgenise is not known, although at

the same time it has been supposed many times that rqdmte--purticularly
rats--play & role in this, The existence of healthy carriers of the
microorganism has been reported among wild rats of Northern Brazil
(160). Olafson (184) reports, that over a period of many years, the
time of greatest frequency of listeriosis cases among caged animals
corresponded to the time of greatest abundance of rats i.,e,, during

the winter months,

It is commonly supposed that a 1iving carrier is to be held
responsible for the dissemination. Gill points out that Oe:tras . ovis,
8 kind of f1y often found living in the noses of sheep, may be involved
in the transmission of this disease from one snimal to the other,
Howaver, thers is no proof of this kind of a ralitionship,

Vhether the Variety of mite Dermanyssus gallinse found in
infected canaries or other kinds of mites in the case of fowls are
involved in the spread of listerioais eannot yot be decided.

The tormlation of chains of infection in the sense of
Gotachlich (93) 1s wrecked upon the ignorance of the mode of
transmission and of the point of ontry of the' ﬂm:mrnui-.

Outbreaks occur, for oxample, in neighboring herds without there
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having been any known direct contact between them (87g). Of

course, 1t could have been imported into both herds from ; fors:i:gn
source, This gives rise to thé hypothesis that among the larger
animals themselves exist latent, infected,carriers of bacilli,

that infect uninfiltrated herds in a wenner as yot unknown, A

series of cases of listeriosis have occcurred after the transportation
of large and smsll animals for considerable distances,

This points to outside influences being extensively involved
in the development of the dissage, for example, changes in enviromment
and changes in conditions of feeding, and further, however, also the
Yearly variations and meteorotropic influences, As already explained,
it oﬁ;on but not always happens that the maximm mortality in
listeriosis ocours during the winter months and the beginning of
spring, thus, at & time, wvhen fresh folder is no longer available,
Special attention has been devoted to the question as to whether
infected fodder is involved in the genesis of listeriosis,

Gray and coworkers found for exampls in reseaxrchm artificially
infected rabbit and cattle fodder, hay, straw, and wood shavings,
that Listeria survived for 6 to 26 weeks, but could not produce any
criterion thereby, that under natural conditions straw, hay and feed,
and aa{m, or the drinking water ‘;q_.;,g,rontod lii‘atchn, any any influence
on the Atssemination of the infection. They considered it unlikely
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that much could be learned about the details of the epizootlology
as long as the blologic reservoir of the infection has not been fq}md.

The poseibility of transmission to young animals by means of
infected milk is also of increased importance in the rsckoning.

The question is repeatedly brought up as to whether silo fodder
could play & role in the development of the disesse, immediately after
a cormection was postulated showing that a definite rise in listeriosis
morbidity often went along with the feeding of grain from the silo,
(Jensen cited accordingly 186c (86£,128,184)). In spite of the study
of Olson and coworkers upon this point, there is today no lucldity
on it.

Outbreaks do not as 8 rule occur explosively. Indeed, many
animmls sicken at the seme time, but often weeks and months pass
between the appearance of clinically menifest cases of the disease.
This fact applies umually only to the generalized encephalitic form
of listeriosis in larger animals. The praportion of infections
among 7,000 shesp, for example, amounted to an aversge of 8 to 9
percent (128), in individuasl herds between 3.3 and 15 percent;
among 85,000 cattle the frequency of infaction varied between 0.03
and 7.5 percant, Probably however only a small percentage of the
animals with widespreed involvement cf the central nervous systes

became 111 while instances of atypical courses of the disesse (mastitis,
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conjunctivitis, atc,) stood our prominently. Bince thess typical

dipease forms have been given relstively little attention to date,
4 is a widely held view that these eplzootics of listeriosis run
s slow, circuitous course. The observaticns in the mniddle of
Germeny speak out sgainst thise, in that listeriosls can run through
cattle herds as sn atypical mestitis with relative swiftness (204£).
As to just wbat extent the contact betwesn thle animels or perhaps
also transmission by +he hands of the milker may play & role, =
that question must remain open, The observation of Gray and coworkers
than in an infected herd only those animels becams sick that had had
contact with ona another shows, anyhow, that contact infection is
epizootically important in the case of listeriosis.

Not to be underestimated also is the agsociation of Listeria-
and virue-infections. Tt was noted only in the yepots on the virulent
catarrhal fever of cattle or the Borna's disease among other large
animals, Whether the single chance obaorvirbion of the Borna virus
in the cass of catarrhal fever is the result of an accidental £inding
that is of no significance for the course of the disease, or there
15 & relationship here, wust be explained by future reweerch,

piminution of resistance for various reasons bas a definite
{nfluence on the courss of the disease and on the pathogenesis in

individual cases,

Declassified i - A
in Part - San d Copy Approved for Release 2013/06/06 : CIA-RDP81-01043R002000110002-1



Declassified in Part - Sanitized Copy Approved for Release 2013/06/06 : CIA-RDP81-01043R0020001 10002-1

ARSI IRIGY % Y TSGR YU e by sk S meagre | S WLNLING AR TIIR 4 wray T A P QY R T T T

: TN o T RS A O3 Moy gchhsee T eTE
IRl R R R e P e e

25y 4 3

-114-

A series of observations indicates that the strain may be.
transmitted from sheep to cattle herds.

For exmmple, cattle became 111 in a pasture that had formerly
been uged for sheep. Ths outbreak described by Beller and Zeller
in the Weterrsu in 1936 contains valuable information on this,
Although no shesep were held in the stricken ares itself, at the
aforemsntioned time an ibinerant shepherd from Thuringia, (where
linterioslil ig present among sheep) grazed his flock slong & meadow
in the vicinity of the romd, In the futurs only those animels
sickened in the double rowed stall that had grazed upon the meadow
and indeed regularly even then when the east wind blew. The author
concluded that one must suspect a transaission of the infectious
agent by the airways.

On the other side Gray, and others saw that cows remained free
from clinical listeriosis, although they were kept in the same stall
with infected sheep,

The hypothesis of an aerogenous route of transmission (22)
was supported by the findings in the epidemiology of humen listeriosis
(see page 93 of text).

m the case of the Li-torin 1t 1s a question as to vhether
bacteris; vhich remsin alive for lilong time in dirt, and also in dust,
retain their ability to cause infection, Just as in thé case of the

Horwegian farmer whe wvae himself infanted by dust containing micxo-
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organisms vhen he was cleaning his stable (page 93) is also in
other cases the possibility to be reckoned with, that the spresd
of listeriosis in animals resultsfrom the distribution by way og
infected dust and dirt. :

I% is certain that this is only one of many ways of becaming
infected. A series of authors (7,82,189) report on s rhinogenic
origin, whersfore the results of a few experimental studies and
1ater observations (245) sre in agresment, Traub reports on an
otogenic transmission msthod, while Schulz believes the peroral
method the most likely.. Parentersl infection should only
exceptionslly come into consideration.

Little sttention has been given to date to the possibility
of infection while covering.- Gray (308) made hers sn important
cbservation, that he was once successful in culturing Listeria
from the urethra of a bull.,- Thus it is not impossible that a
herd could in this wsy becoms infected.- How the intravaginal
infection omn be detected clinically and whether this state of
things influsnces sbortion must still be investigated (255).

The only definitaly certain biologic pathwy of infectiom -
takes place diaplacentarily--intrsuterine and results in septic
infection of the fetuses following a purulent metritis of the
mother sntmml, If this phenomenon occurs only near the end of
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organisms when he was cleaning his stable (pmge 93) is also in
other cases ths possibility to be reckoned with, that the spread
of listeriosis in animals resultsfrom the distribution by wey of
infected dust and dirt.

It is certain that this is only ons of many ways of becoming
infected.. A series of authors {7,82,189) report on s rhinogenic
origin, wherefore the results of a few experimental studies and
lster observations (245) are in agreement. Traub reports on an
otogenic trenmmission msthod, while Schuls believes the peroral
method the most likely,. Parenteral infection should only
exceptionally come into considerstion.

Little attention has been given to date to the possibility
of infection while covering.- Gray (308) made hers an important
cobservation, that he was once successful in culturing Listeria
from the urethrs of a bull,. Thus it is not impossible that a
berd could in this way becoms infected.- How the intravaginal
infection can be detected c¢linically and whether this state of
things influences sbortion muet still be investigated (255),

The only definitaly certsin bioclogi¢ pathway of infecticm
tekes place displacentarily--intriuterine and results in septic
infection of the fetuses following s purulent metritis of the
mother snimml, If this phenomenon occurs only near the end of
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& pregoancy; snimals will come into the world that will mostly

3ie within s short space of time from seriic listeriosis, As a =
rule however intrauterins infection leads to the death of the fetuses
and. sbortion. Probably a few animels mey be infected intra partum
(during birth), for example, from aspiration of the smmiotic fluld
containing Listeria.

The extraordinary susceptibility of all young animals to
Listeria infection and the relstive resistance of the older animels
mey be explained on the basis of the immaturity of the younger
organisms, on the other hand, howsver, aleo by & latent infection
and a pessive immmizstion. The appsarance of agglutinizing
antibodies in sera of meny large and small animals may then be
easily determined,

But the becteriologic~-serologic type diagnosis of the
Tisterim will show that outbresks among sn individual herd gemerally
originste from the seme type, therefore ons is dealing with a single
or unique source of infection, Tor a long time the meaning wes
gought of the supposed etrong connection betwsen gerologic types and
their presence in rodents or ruminants, In fact, in listeriosis
among rodents one finds moatly Paterson's Type I and in ruminents
more often one finds Type 4. But Paterscu (19%0) and lately Seelingsr
(1951-1954) were sble to demonstrate in the sercanalysis of 61 or
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163 etrains from all parts of the world (see table 8 below) that
this was no hard and fast rule, bit that the socalled rodent typa
vas l1kewise present in sheep, cattle and goats and vice versa.

Meanvhile it vas evident from the same type determinations
of strains of diverse origin, that & direct relationship betwsen
listeriosis of rodents and ruminants exists only as = general
range of posslbility where serologic type identity existed.

A gignificant role in the epizootiology of ruminant
1isteriosis is perhaps pisyed by fowls since here type 1 as well
as type 4 exist in considerable frequency, and repetition
of the same type has been observed among fowl, cattle and rodents
from'vtlu sene farm. The presence of melezitose-fermenting and--
nonfermenting strains among the individual serotypes represents
an increase of the possibilities of divisions into types but has
nothing to do with the connection with definite Labitats, In
ordex to- pasg final judgement on this, study of & much l_argor
muber of strains is necessary. Findings of the authors (see
table 5) speak, morsover, against a relsticnship between the
habitat and the sero- and bio~Ttypes. ‘

It should not be forgotten that despite far-reaching
biochemical and serologic similarities an adaptation of many
strain ocours in cortlin kindg of ani-ll--annlosoul to the

T

i
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For

Teble 8, Type divisions of L, monocytogenss in humens and
eniwals swong 163 different strains aveilable.

Host

" el 2T

Humen Cattle t:| Canary bird

60 5 1
USA, England, | Germany, .
Australia, Israel,
England, Sweden.
Germany,

France y
Austris,

1
Scotland
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Pastourella--so that all in all the investigation of infection
among the species from which the bacilli have been isolated should
be the most successful procedure (189), These f£indings may
however yield no generslly valid conclusions, according to
experimental studies, for example of Schuls and othexrs, which
yielded differant results. »

One of the chief cbstacies to obtaining further ineight into
the epidemiology of listeriosis 1s contained in the farresching
cultural and biochemical simiiarity of the smell number of easily
differentiable serotypes and in the menifold pathogenetic potency
of the microorganism. A serles of unknown factors must certainiy
play a role in this, the determining of which will first bring
light into the darkness, which surrounds the epizootiology of
listeriosis.

5. Therapy and prophylaxis.

Up to 1939 there was no therapy for listeriosis. Porter

and Hale were indeed the first to determine experimentally to

what extent Listeria infection is susceptible to sulfonamides _
(S.A.), sulfanilamide and sulfapyridine.

They found under test conditions in experimental studies
with vhite mice, good action by both drugs. This was confirmed by

Webb and expanded in the process to show that by combined sdministration
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of immune perum and oral chemotherapy with sulfapyridine a survival
quota of 100 percent could be obtained in mice that had been infected
with a dose 200 times higher than the fatal dose, and from 27 to

T3 percent survival, under the same conditions with the same doss »
vhen sulfa-therapy was used exclusively.

Therapeutic results were attained in sheep with large doses
of prontosil (Frost and Denks, cit. (184)) as well as in cows with
sulfanilawide. In contrast stands the failure of sulfonamides in
listeriosis in a large heri of shesp (1075 .

The most promising is early trsstment which led to healing
in two cases so treated with sulfonamide and neoprontosil (129)
and thus are to be recommended therapsutically as well as prophylactically
(21,231),

There is no serum therapy ageinst listeriosis, although
protective substances appear in the serum of animals after surviving
an infection (186b),

With the -‘introduction of antibiotics in the therapy of infectious
diseages the possibility of treating listeriosis was also enhanced,
Through widespread research in vitro in the years 1945-1953 was dﬁ:ominod
‘the susceptibility of nuwercus Iisteria cultures to the more inportant
antibiotics. The findings are compared in a reviey of Linzenmeier an/-:_i
Seeliger with the results of their own tests and are discussed fully
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in the chapter on the tharspy of humen listerlosis (35Tb).

On the basis of the differences in activity as datermined in
vitro, the tetracyclines (Aureomycin, Terramycin, Achromycin, Tetracyn)
appear to have the best prospects for the antibiotic therapy of

listeriosis. Then followed sulromnid.' preparstions and sulfs

r
supplement products, for example Sapronal, the latter at best in

connection with penicillin, that alons generally ﬁils to work

in practice. Resistance against streptomycin is rapidly developed
(84), The use of chloramphenicol (chloromycetin) and lately of
magoamycin (or of erythromycin) appesrs suspicious,

Results of in vivo studies stand in good correlation with the
results, that were determined in vitro, of the susceptibility of
Listeris against antibiotics snd chemctherspeutic agents,

In studies on Listerim-infected mice, the admintistration
of 500 Oxford units of penicililn hed only a prophuylasticcaction
1f the drug was given immediately after infection, Alremdy 2 hours
1ster it wes still only siightly cspable of prolonging life (188a,c).

By studles on rabbits it was ascertained thet streptomycin 1s
contraindicated because of the guick devalopment of resistance to it
(8Ta).-

In resserch with mlioe it wus on the contrary successful (78)

gy

in schisving 100% survivai after dosss oi geris tuit were Iw

Al to
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98 percent of the control animels by courses of aureomycin and 30°
Porcent by courses of chloromycetin if the drug was udn}.nisterqd
immdiately after infection. After a Sh-hour interval between
infection and injection of this drug even still 90 or 35 percent
of the animels could be cursd. 5 mg. aureomycin per kg. body
welght made it possible also to protect 1004 of intravenously
infected rabbits and mice (298) if the medication was commenced
30 ainutes after the infection, Fenicillin remmined without
sction under the same conditiong (10 ms/kg.). Gray, Iaine and
Thorp showed additional favorable results in that, with aureomycin,
3 of 4 intravenously infected and 12 of 2i intracerebrally infected
rabbits survived although the medication was, in nine aninels,
first adainistered 12 hours after infection tive antmals died).
Local trestmeat of srtificially infected rebbit oyes with
an aureomycin ointment prevented the Tormtion of & conjunctivitig
in two of four animals and shortened the duration of conjunctival
inflammetion pb.nma—m. The bacteria disappeared, however, from
the treated snd the untreated oyes after nesrly the same number
of days, a finding that amy be traced back to only & bactericetatic
activity of sureompsin (87 1). The hope arising from results of
expsrimental reses:rch for an antibiotic trestment for listeriosis
in animals bave been, however, omly urinm fulfilled,

: -1
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Healing of bovine and ovine listeriosis, was, to be sure,
reported after the sdministration of penicillin, but no others
could be healed by this (128); in the case of listeriosis in dogs
penicillin, in any case, failed to work (k3).

Zink, de Mello snd Burkhardt reported on the first experiences
with aursomycin in 1951, It concerned a herd of cattle infected with
listeriosie, In December 1949 2 sick cows were adminigtered
sulfanilemid (dosage not given) and eech wu!given an intramiscular
injection of 2 million Oxford units of penicillin in oil and they
were both cured. Since 2 other animels with listeriosis encephalitis
in the same herd, however, healed spontaneously, it is not certain
vhether the therapy alone is to be held responsible ‘for the favorable
outcome, since s fifth animsl died a few months later despite combined
sulfanilamide-penicillin therapy. In the case of a cow that took
sick shortly thereafter, aureomycin was administered intravenously
at the rate of 5 gm. on each of 3 consecutive days, without their
being able to save the already moribund snimal. The authors concluded that
{the quantity administersd was too smsll and so they had not been able to
a):ttqin the concentrations of the drug in the brain that were necessary for
urresting the disease.

Gray and Mooretreated 25 cows in a herd infected with listeriosis
with aureomycin, (dose: 2.5 gm, of -Mzm hydrochloride, dissolved
in 100 parts of sterile distilled water per day in the cese of animels
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under 600 Amsrican pounds in veight, 5.0gx. for heavier animals) —
vhereupon 14 aniwels survived, This quota was considerably higher
than that which could bave ococurred from sponteneous healing. Some
animals had only mild symptoms at the beginning of therapy
(conjunctivitis) while others wore already semimoribund, Two of
these severely 111 animels were, on the fourth day after the
medication, which was adwinistersd during a period totalling 4 daye,
muy symptom-free., In all animals a definite lowering of teuperature

occurred within 12 hours, Since the etiologic disgnosiz of
listeriosis is not possible during the lifetime of an animel, the
treatment was therefors based on olinicel indicationl s that were,

hoveur, confirmed in the case of six animals that died, both
bacteriologicslly and at -utoply.

- The relatively favorable results in the treatment of bovine
listerioeis is in contrast to the failure of aurecwycin therapy in
the case of ovine listeriosis. OFf 13 sheep treated (dosage 5 »g.
per American pound of body weight per day) only two survived the -
disense,

The Americen authors (873) brought‘thou striking differences

into focus by the fact that listeriosis in cattle genexally has a
longer, more subacute course than in shesp, s0 that the drug has time
%o act. Sheep with acute listeriosis did not even survive, as s rule;

: -1
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the h-day trestment period, Histological and bacteriological :tudy
of sheep brains showed that considerable irrepsrable dsmmge had
already occurred at a time when there were gtill no clinical
indications. On the basis of thege £indings it was concluded that
in ovine listeriosis any drug therapy amust be useless if definite
clinical symptoms are already present.

Thie failure does not result from the inability of aureomycin
to fpau the blood-gerum~-barrier (871,3). During the k4 thours after
intravenous injection the drug was conveyed to the brain snd medulla,
to be sure, however, only in concentrations thet did not prevent
& subsequent spread of the bacteria into the brain substance,

For the therepy of listeriosis by means of antibiotics with
broader spectrums of activity, the same criteria apply as for the
use of sulfonamides: the earliest possible beginning of therapy
end the highest possible doses. In far advanced cases however,
only a slight influence is to be had in tha-cuu of drug therspy
and et best will lead cases toian incomplete cure. ’

In-the face of this situation that 1s still further complicated
by the difff;ﬁx%:/& waking s purely clinical diagnosis, it is under-
standable that even as early as this prophylactic measures have been
taken under consideration. Such s procedure rune up against the lack

of knowledge of the pathogenesis and the epizootiology.
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Studies of vaccination with Listeria-vaccines were madé in
this connection,

Numerous immunizing studies with chewically or physically
killed Listeria in mice remsined however without resulte, Julimnelle
ascertained in such studies that agglutinating sntibodies did indeed
appear in the serum but that these gave no protection against
subsequent artificial infection. Graham, Levine and Morrill (86c,f,g)
sought in vain by means of single or repeated subcutaneous injections
of & formolized Listerim-suspension to imsmmize rebbits, guinea pigs,
chickens snl sheep against an axidficial Listeris-infaction., Uzgen
got the same results.

Also the courss of the disease in mice was not influemced by
the simultsnecus administration of homologous antiserum with intra-
peritoneal infection (132s,b). Injection of bovine listeriosis

antiserum of a titer of 1:50,000 was not able to.pessively immmize

rabbits and guines pigs (BGc).

Grahas and coworkers could induce no immmity in e¢hickens and
rabbits after subcutsnecus injection with living bacterial suspensions.
But Olson writes that two or thres injections of living Listeris. over
s pariod of many weeks wers enough to protect sheep against subsequent
intraarterinl infection with living bacteris (186a). In other studies
of a similar nature eight of 20 intracsrebrally infected animmls
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survived the disease, and pix did not become 111 at sll (184).
These results which wers not in themselves convincing gave

impetus to the investigation of the value of active immunization

under natural conditions. According to Olafson, vaccination with

Listeria vaccines d4id not influence the course of the :disease

in a herd of sheep, Graham and Ievine likewise got ro better

results (86g), although they administered large doses of formolized

suspsnsions of Listerias., In a herd of sheep of about 1000 animals,
in which during the winter months of 1938/1939 and 1940/19h1
listeriosis was present with a fatality rate of 5-7 percent, a
greater part of the animels were vaccinated once, some repsatedly,
Thereby ons or two injections sach consisting of 20 ml, of the
formol-vaccine had no protective amction., Three Injections spaced
one week spart each, first led to the development of a relatively

wesk immumity, so that this dosage must be viewed as yet insufficient,

An atteupt to immumiize sheep with living vaccine during an spizootic
Zailed absolutely (186b),

Although the immmizstion studiss of Eveleth cited above (86b)
on 20 herds of sheep with ovar 5000 animals led to results similar in
many respects to the foregoing, m definite protective action was,
however, umsistaksble, After an initial negative phree immedintely
foliowing the vaccination a detsctabls protection was attained after
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an interval of 1% days which repetition of the vaccination raised
to a still higher degres. ZExperimentally, to be sure, premtui’e
lambing could not he prevented by the preceding vaccination, but
in animmls that were not pregnant the survival quota of vaccinated
sheep attained 70 percent in contrast to a mortality of 70 percent
in nonvaccinated shesp, The authors conclude from their findings
that "the low degree of immmity produced by the antigen is
sufficient to protect the sheep sxposed to natural infections”
and recomuended vaccination in endangered herds.

Thus to date no ons has been successful in developing a

definite method for the prevention of listeriosis by active,

paasive or combined vaceination, But where the use of nonpathogenic
strain, changes in the technique of inoculation, and longer duration
of immunixetion procedures with stronger, more active concentrations
might not perhaps lead to success, ig still to be proved.

In prophylaxis one must imwedistely congider the old well
known sanitary precautions, To this belongs, besides stable hygiene 2
also the protection of the animsls against unusual influences of
climate, and against chilling., In addition, food of high value
should be given, slthough changes in the composition of the food of
which among others Murray has always taken ‘hia into consideration,

Grahsm and others belleve this has no influence upon the course of
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outbreaks of listeriosis. Sick animals should be isolated if
possible. Since epizootics often vanish spontaneously, in order
for it to survive until the next sesson 1t doss not appear that
thess precautions sre sufficient for the prevention of plague.
Only the Qiscovery of the natural reservoirs of the microorganism
and the elimination of carriers of bacteris in infected herds
will make possible a mors workable prophylaxis which, howsver,

) appears to ons today to be still far in the future,

6. Veterinary Police Procedures,

Listeriosis belongs to the diseases that are tranmmissibie
from domestic snimels to man., To ®ll appearances it is more prevelent
in Germeny than is ;c-nonly believad today (22s329%r,223,231,0h2),

’ Since the microorganism is pathogenic for 1;ooplc 81l corresponding
legal provisions must £ind spplication with respect to listeriosis,

that are in effect for exwmple against Bang's dipesse or brucellosis,
bovine tuberculosis, leptospirosis, and the various forms of blood
poisoning ss well,

It appeers particularly necessary to broaden the legal
provisions against the use of nonpastiurized milk for drinking
(praferred milk) by consumers; so that this kind of herd must be
free from listeriosis (and also from stypical listeriosis mestitis),

The possibility of su occupetional infectionfhr veterinarians,
slaughterers, sniml tenders, animal keopers, datrymen, and so forth
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is appsrent,

Speclal precautions should be taken in dissecting dead ariimels,
above all in removing the brain and spinal cord. These timsues are
highly infactious and compriss because of the proven pathogenicity
for humens a real danger for the research worker, How great this
is in practice, may not yet be stated, since the poegelbllity of a
Listeria infection has been studied littie to date. In an American
;:exbbook on meat hygiene by Miller it was recommended that flegh of
animals that had survived listeriosis, must, in any case, be insgpected
by the veterinary police and that the hesd of the animel must be
rejocted, even if there are otherwise no scxruples against the use of
toe weat for human consusption to be mede applicable. Definite

/iri;t;hcen of humsn infection by infected meat have however rot dbeen
glven publicity to date,

These recommendstions do not take into consideration the fact
that Listeria are still often found in other organs as heart s liver,

'spleen, intestines, perhaps also in the massster miscles, particuiarly
in illnesses without involvemsat of the CNS,

If elso in artificially infected animals Listeris camnot be
detscted in the sffected organs after more than 5 days following
slaughter, Listeria-infected -niil,: should not be used for meat,
nor should their meat be used sommercially, even though no detectable
macroscopic ahanges are found at meat inspection (871).

7
H
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The brain and medulls of spontanasocusly recovered sanimels who
had encephalitis are on the contrary to be considersd freé of 1;ving
bacteria 3 weeks after the healing. -

The transmuissibility (or possibility of transmission) thus
found necessitetes consideration, in Germany, of an extension of
tha laws on meat inspection. As a macroscopic detection of the
disesge is not feasible, bacteriologic study of the meat must be
carried out in case listeriosis is suspected. Schimke gave this
question complex a distinct place; he demended that listeriosis be
excluded, with full justification, as a source of fatal disease.

In case of proved disease the whole animal carcass should be
rojefted lwmediately mccording to Section 32, persgraphs 1, 7
of the "AB.A." of the weat inspection law s§ unfit for hmmen
consumption (and also unfit for other animals)., IListeriosis
no doubt falls under the classification of the bucterial blood
poisSnins-, #0 that the éxiitins provisions for this can-also
now bé brought into Uuse, According to certain publications
(ses above) the weat should be coneidersd fit for limited use i
according to section 36 paragraph IT item 3.

The duty of r.poriing suspected or real cases of listeriosis
can hardly be circumvented in view of ite significsnce in human
nedicine. The cooperstion of the orgenizations of the public h;;lth
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service with the veterinary police research boards and animal health
offices is important so that practising physiclans may be infomec}
imediat:l;v in case the disease appears. This is all the more neéesury,
since mosb doctors know little or nothing about the various forms of

the course of listeriosis in humans.

Conclugions,

L. monocytogenss is the source of sporsdic, enzootic and
epizootic diseases in mmerous small and large animals, It occurs
now as a sepsis, again as an isolated disease of an organ with various
degrees of CNS involvement, ¢

Septic disease mppesrs predominantly in rodents, fowl, and
young animsle, Centralinervous system involvement is found more
often in adult large animals, This rule is not without exception.
Atypical and clinically quiescent forms are not seldom found., The
degree of maturity of the organism and the latent irfection appurently
play, in addition to the port of entry, a decisive role in determining

~ the course of the disease,

In the case of infected pregnant nnil;-ls there is, with increasing
frequency, fetal damage, fetal death, and abortion. Listeriosis as a
cause of premature calving and premsture lambing needs further study.

The mortality from clinically menifest disease is high., Disesses outbreaks

in valuable breeding animals and herds of cattle may lead to sovers

Declassified in Part - Sanitized Copy Approved for Release 2013/06/06 : CIA-RDP81-01043R002000110002-1



Declassified in Part - Sanitized Copy Approved for Release 2013/06/06 : CIA-RDP81-01043R002000110002-1

A i e T gy e TIID Wy a9 s o T SR N Y I

G TR e

~133-

sconomic hardship because of them, Listeriosis is found in animals
throughout the world, and will be recognized not only in Germny, but

slgo in meany other lands, with increasing frequency. The mummber of

cases diagnosed to date runs into the thousands.

Since a clinical disgnosis is not definitely successful, and
manifold possibilities for confusion exist, the cutlook for treatment
ig poor, Sulfonamides and totruoyciine pronise the best therapeutic
results in the case of immodiate and maximel dosage with them,
Prophylactic immunizations have to date shown no definite protective
activity,

The spizootiology is still largely unknown, Contact infection,

asrogenic transmission, infection while covering, rhino-and oto-genic

pathways for development, have been considered, without man learning
exactly which way yet, The natural reservoir of microorgauisms is
supposed to exist among rodent and fowls,

Regesrding its definite pathogenicity for humsns (see Saction C)
a danger existz for all persons who have to do vith dnimals or animal
products, especially, meat, game; unpntsurind ailk and milk productt.
The food laws must, therefors, in the future slso take listeriosis into

consideration,
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€. Human Listeriosis.

I. Incidence &nd distribution.

The siguificance of infectieus discases that are chiefly knowm
as zoonoses from their behavior, is becoaing increasingly important
in humsn medicine. It should be rewembersd that only during the last
three decsdes has the role:of salmonelloses, pesteurelloses,
leptospiroses, brucelloses and lately toxoplasmosis in the genesis of
humes disease besn correctly understood. Corresponding to the current
improvemsnt in understsnding of stiology the number of clinicelly
inexplicable, infecticus processes remaining diminishes; and, too,
serious postinfectious complications may now be sxplained frequently
by the causel sgent (28, 91, 100, 135, 176, 193, 213).

This does not ultimstely apply to listeriosis in bumens, one
of the latest infectious diseeses caused by bacteris to become Jnown.
The nomenclature related to it was discussed on page 37 (of tho text).
While up to 1945 hardly 20 cases weré reported, the number of definite
f£indings has increesed nearly tenfold during the short period of time
since then, But thess probably include only a swall fracilon of the
true mmber of patients afflicted.

Listeriosis as & humen disease wes first disgnossd in Germany,
for example, ur.‘b’ in the yesr 1951 at the Heelth Institute of Bomn,

Soon the immedimtely popular view that it is a quastion of & very rare
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digease must be revised (there wers up to that time about 100

proved cases in the world litermture). The first reports (133, 2kea,
&h, 106,210,157c) wers followed in all parts of Germeny Ly so many
£indings of humen listeriosis that already S.n the apring of 1955
about 100 further cases had bsen bacteriologically confivmed. If
one edds to the patiemts included here the ones that were probably
infected, on the besiz of serologic findings, the number then rises
to 8 few hmdred.

This fact is in itself swrprising in a_land that has so many
well-equipped resserch instituticus, snd mey only be explained in
that the Listeria were practically unknowa to the parsons devoted to
the practice of humen becteriology. By reports in pathologico~-anatomic

“publications 1t 1s proved that s few iwportant course-forms of husen
listeriosis ars not rarities; nevertheless, without ;veing any more
successful than formerly in gaining insight into the nature of the
diseass,

The increass by leaps and bounds, during the course of the lsst
three yeers, is thus not equivaleut to s true incresss in ustorioiia
morbidity. This was perimps--particularly smong the fsrm population--
hardly sny lower before that, We believe that the considersble rige
in ths mumber of :onrt- not only results from better understanding
of the microorganisa, but also should be viewed as a result of the
genersl incresse in bacteriologic investigations, the yield of which
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may be considerably increased by the development of lmproved methods
of culture and of differentiation, -

That it is really not a question of a new uprising of an
infecticus disease is demonstrable aleoc in thet reports of disease
syndromes similar to listeriosis or similar bacterinisgic fiadings
that are compatidble with Listeria-infections, however else thoy have
beon explained, have been reveslsd in on astonishing fashion,

This is sspecislly true for the so-called "pseudotubsrculosis”

(109,199,216,238,242a ,26T and others) and meningeal inflsmuations

from Acidobacteria, diphtheris microorganisme and other Corynebacteria,

but also for a series of febrile, discace syndromes:with concomitont
glandular swellings, of unclear ectiology. Even where one holde their
conpaction with listeriosis still in reserve, and believes further
research is necescary, for example in the evaluation of the much
diecussed miliary necrosis of organs in infants and in newborns, the
role of Listeris-infections will no longer be contested.

It is as good as certain that at least the overwhelming majority
of the reports set forth in Table 9 in roality resulted from nothing
othar than husan listeriosis under cther names,

Listeria are basically different from the microorganisms of
many other zoonoseg in that their transmission to pecple ism connected
with no changes in the symptometology of the disesse, similar to the
behavior of Pustsurslls snd laptospira. Thersfors it causes tha same
clinical form in men sz in the listeriosis observed in animsls,.

Declassified in Part - Sanitized Copy Approved for Release 2013/06/06 : CIA-RDP81-01043R002000110002-1



Declassified in Part - Sanitized Copy A
ro
e py pp vefor Release 2013/06/06 : CIA-RDP81-01043R002000110002-1

VD NI v Mg YA TR e e #

T L o R e R Rt T RIS

~137~

Tsble 9. Hwaan infections in which the uicmor@anin

may perheps have belonged to the Ii Listeris .
i
Clinical form | Age-group| Outcome | Bation Bacteris
detected

Gastro~ adult fatal Gram-positive
anteritis - . bacilll
Pasudotubee, Mornlg fatal Henle
Peeudotberc. navwborn fatal Grem-positive; Benle
& Heningitis bacilli :
Pasudotubre. presature| fatal Gramepositivel Aschoff-Wrede .
bacillii
Paeudotbe, newborn Aaxier
Melignant child Corynebact. ;de Tegri

gramlomm ;
Ppouvdotbe. infents Schnelder
Meningitis Diphtheroid A.tkinscn

Meningitis Diphtheroid | mck

Peeudotbc. infents Gram-pos. ! | Fraenkel

vacilli

Paaudotbe. N Gram-pos. iFmemkel
bacilli .

Peeudothe. : ' Argeutophll |Kentschewe
beoilll :

Paeudotbe, |Konschegs

 Peoudotbe. Gram-pos. 1, Schwarz
bacilli *

Nononuclsosie Diphtheroia Paldridge

Peoudotbe. ) Argentophil Werthesenn

teoilll .

Milisry 1 1Schleussing

pecrosis i

Meningitis Diphtbercid ;Kessel

Pseudotbe.

| 1924/25

© 1985
1927

1929
1331

O N R W N (SR TR N I I o

Pseudothe.
‘Pepeudothe.
Miliary
liver
NACTONE B

?
1937
1937-33 ¢

B
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(Table 9 continued)

., Heningitis Acidobscteria. i Kuchinka
Ealbfleisch

; Meningitis child

' Septic

grauulomatosis

Paeudothc,
Fetal sepais

newboxn

infant
oavborns

Diphtheria-
1iks hacteria

Acidobacteria

Gram~positive

and o )
Kretschwer
T

Oeabike
Stasumier

bacilli
Pgeudotbe, infant - Stockmann
Peseudotbe. premture - F.T. Brandis
Hopatitis nevborns - Dible, ot al
& sometines and
cirrhosis infants

l)Twins, both-of which were diseased and deed. -

2)at that place, further afflicted cases discovered by Feiche, Glaser, et al.
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Table 10. Bacteriologically proved cases of

listeriosis in humans

o~ THE - L

ar

Yeer of Number
:disaaao of

Clinical form

Age-group

Outcome

Nation

Authors

190

1941 §1
19k2/45 102

Meningitis
Mononucleosis
Conjunctivitis

Septic granulo-
matosis mtinﬂ
with meningitis
also

Maningitis
Mononucleosis
sometimes with
meningitis
Meningitis
Meningitis

Glandulsr fever
with

mononucleosis

Meningitis

Meningitis,
otitis wedia
Meningitis

Angioa,
mogonucleosls
Meningo-
encephalitis
Mononucleosis

Meningo-
sncephalitis

adult

{ adult

adult
child
newborn
adult
infents

2 nevborns
1 sdult
adult
child

adult
adults

child
adult

adulis

child
Infant

adult
child

- adult
adult

fatal
recovored
recovered
fatal
fatsl

recovered
1 fatal

1 recovered
fatal

fatal
fatel
recovered
fatal
recoverad

fatal
recovered

recavered

recovered
fatal

recoverad
recovered

recovered
recoversd

9 fatal
2 recovered

France
Dermark
Austria
Holland
UsA

USA

Dumont and Cotoni
Nyfeldl

Anton

Kepsenberg

Burn

Schaliz, et al.
Marcellus, et al.
Eapsenbexg

Burn

Allen

Tesdal

Carey

Gibzon

Schaidt & Nyfeldt

Poston, et al.
Porzecanski end
de Baygorria
Nyfeldt

Wagner and Forter
{cited 201)
Wright & MacGregor

Kapssaberg
Pong & Julianelle

Savino

Webb
Gudkows &
Sacharoff
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{Toble 10 continued)

1943
10kk

1946
1547

1948/49 ; 189
1069 |12

Sepels -

Meningitis
Grenulometous

- conJunctivitis
-Meningitis
Meningitis
‘Meningitis

| pypus-11ke
picture

Meningitis,
pnsumonia

Sepsis »
i {meningitis

conjunctivitis
Meningitis
Fever after
caesarean section,
glanis swollen
Angine, with -

!infection snd
conjumctivitis
Neningitis

3 )

infant

infant
infent
adult

?
adult

:adults
sepsis sometises 1
Angine, generslized: adults

1 adult

1 child
navborn
adult
adult
nawborn

8 children

newborns
& adults

adult

recovered
recovered

recovered
fatal
fatal
recovered
racoversd

fatal
recovered
fatal
fatal
recovsred

?
recoversd

Tatel

some recovered
rocovered

recovered

recovered
recoversd

T Rl¥oreee

fatsl
3 recoversd

fatal

RDP81-01043R002000110002-1

Harvier, ‘ot al,
Felsenfeld

Bandelmm, ot al,
Martin, et al.
Seda}lian, et al.

Sedallien, et sl.

Stanley

Van Driest
Beute, et al.
Slooff
Beute,; et al,
Whealer
Faleenfold
Schamssow
Bilibin

Jaegsr &
Hyors (319)

n

Berry

Line & Cherry
Fletoews &
Stiksowe

Beiss, et al,,
Erdmann & Potel,

Sesliger, ot al. *
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i (Table 10 continued) P
1951 A recovered - Line & Appleton
1 - child racoversd Bennett, et al,
1 Meningitis and | adult racovered Sseliger and
mononucleosis Leineweber
1 Meningitie adult fatal ein
1 Maningitis, adult fatal Odeganrd, et al.
' pneumonis
1 Meningitis, infants fatal Bergstrom
pyslitie
3 Meningitis, adults fatal Gray (308) Ferguson
encephalitis (304); Wiiliams and
Hornung
Prnsumonia, newborn fatal Linzenmeler, et al.
sepeis
QOculoglandulsr Shmelova
form
Meningitis adult VWinkler % Certer
17 ? Alldn,
1 conjunctivitis MacDonald, cited in
1 gramilomatosis Roy (37)
septica
TUrethritis Wankebach
Meningitis, | Finegold, et al.
pnewsonitis .
Meningitis Binder, et z1.
Meningitis Schulze, et al,
sopsis .
Gramlomatosis Mertinek {316,34%)
septice
Meningitis Boess (301,346)

Meningitis Rische (325).
Encephalitis, | Fischer (305)

n

sapt

Pleiffer's disesse ‘ Schabinekl (326)
Suspected ag sdults "
diphtheris

"mphlitil

l\’gg o T 1 N > TR« a e O

adult "
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(Table 10 continued)

2 Cryptogenous | Schabinski {326)
sepsin |

Sepsis 'lBrandeuburg (302)
Inexplicable {Eoffmnn (309,333)
Tove

Meningitis, ’ !Kraaer (310,338)
ﬁ;:ulmtous ;
Heningitis chila !Prsusu (32!eg
R b i g (300
i ome |

1951-53 i 25 | Granulommtosis | newborns i Patodka (322)

‘ septica - :
1952/53 Sepsis,pneumonia | prematures 'Benmefeld & Hisolks

meningitis stillborns Hagewann & Simon
1953 /54 Encephalitis child ‘Flm ot al,
ehild )

adult ? !
infant {Baar & Rogers (299)
infant 'Kiehl
nevborn { Lodenkiimper (334)
Disease of adult : Sonnenschein (330)
CNS :
Meningitis adult | scheezix (327)
Meningitis 1 adult icited in (332);
2 newborns zAndri.u

3® {Paychoses sdults ‘ ‘Pimofesva ot al.

1

195k
1954

1952-54

W HEERRee R

1952/53 i

]
1) snd eadocsrditis

¥ only detected serologically.

Appendix to Table 10:

Meanwvhile the mmber of proved cases of listeriosis bas stesdily risen
higher; in laipzig alone at lsast six cases wers proved becteriologically
and elaven further cases probadly determined on the besis of the classic
anameeis in connection with the serologic findings (323,337).. Within the
borders of the (West?) Germen Republic during 1953/5k at lesst 20 cases with
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5

previous histories thet were typical and definite serologic findings, that
were compatible with s disgnosis of listeriosis (242)) and a somewhat smeller
number in the DOR (East Germany?) (323)., Further listerioeis cases vers
revealed by findings in the case of o nswborn with icterus in Montreel (Prissik),
in adults with meningitis in Toronto (Greey) and Vancouver (Cockcroft), lately
too in New Haven, (Heley) (cited about 317))., In Hemburg alsoc two cases wers
obsarved (158a) the same ax in Washington (347), in newborns in Czechoslovakia
(350) and furthsr in Moers, Lower Rhins, was found a woman with post-partum
tuberculous meningitis and listeriosis meningitis (Boese and Worth (301)),

in Vienna in & child (349), in Bonn in many smell childrem with cerebral
involvement (lang) and in London in a 64 year old man with encephalitis
(Kopplow and Endred (315e)), 1stely in Munich too in o syphilis patient who
died of meningitis (Postschke) as well as in s case of meningitis in Marburg
(Nieth and May).

The globel distribution demonstreted in the animel kingdom finds
a parallel in its existence among men, whersby repeated individus) casss
of human listeriosis first called attention to the diseass among animal
herds that obviously wes herstofores unknown.

Since because of the swift incresse in the volume of literature

on listerioeis, in recent times, a review will soon be no longsr

feasible, 1t appears pertinent to bring togsther the bacteriologically

proved usen cases thet bave besn published up to the end of 195&
(Table 10).,
It is still too early to mske pronouncements on the frequency,
#since in humans we today still know too little sbout the morbidity.
When the cases appear it is ususlly, with few sxceptions, &
question of a sporsdic incidence. To be sure, s few groups of patients
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may thereby be pointed to {10,40) in regionsl increeses (95,191,20%)
as well as true epidemics (227,326), which show that ths epidemic
appearance of the disease is quite possible, a fact that Webb was
among the first to point out.

The most pertinent findings result with persons who have direct
or indirect coutact with animmls. To thess belong, lsstly, alsc
those vho use snimel products, for sxsmple, uncocked milk, All
appearances have besn smong farm folks and also veterinarisns, animel
keepers, bresders, among vhom the environment is more favorable for
the development of listeriosis than, for example, esmong city folks,
However it is too early to be able to pass judgement since we know
atill very little about the epidemiology snd pathogenesis of
listeriosis. Above sll, it is not imownvwiher or not humen beings
themselvec can come under considerstion as reservoirs of the micro-
organisms.

There is no perticulsr susceptibility ofeitber sex, obvicusly,
1 we disregard the peculiarities of listeriosis in preguancy (see
P. 86 of the text).

Also, one camnot spesk of & sirong corrslation with the age of
the victim, since the cases published to date fall among all the age-
groups. To be sure, inesmuch as limits must be drawm; one can
distinguish swong the clinicel forms certain apparent differences

Declassified in Part - Sanitized Copy Approved for Release 2013/06/06 : CIA-RDP81-01043R002000110002-1



Declassified in Part - Sanitized Copy Approved for Release 2013/06/06 : CIA-RDP81-01043R002000110002-1

MSTTIF S, Y TRCETRRe et s e R i ol B V2% R BN R Do A7 U o @AEYT R T RIS I T T G,

T T ST R R R R T iR

Zesey.

-145-

as to the ages in which they will appesr.

While in fetuses, newborns and infants a septic-gramlomatous
syndroms predominates, the dlsease often manifests itself, smong
childven and adults, by merked central nervous system involvenent,
This rule is by nc means without exceptions, since slso in adults
the same orgsnic involvemsnts have been cbesrved as in the earlier
years of life.

However, it is obvious thet the body of the adult is no longer
go defenselessly exposed to the infection by listeriosie bacteria as
during the first months snd years of its existence. This aleo finds
a perallel in the animsl kingdom., Possibly this capacity of resistance
depends upon & latent infection, that likelihood being obviously
stronger then we currently swmise. Perbaps it is therelative
immturity of the young, particularly however, the newborn organiam
or that existing shortly after birth, which appears to be predestined
in some way to numercus becterial infectious diseasss, to which sdso
listeriosis belongs. On the otherhand, the percentage of fatal
listeriosic casee smong older yeople (ses table 10) is higher then
among the middle aged, vhich leads us to suppose that changes in

the capacity for resistance as ars obeerved in the extremsly old,

results in the eppearance of a sevare course for listeriomies

infections,
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2, Clinical aspects of listeriosie in man,

The clinical symptomstology of humen 1isteriosis is decidedly
many-faced, eso that the clinicien in the case of patients with the
most divergsnt symptomstology must think about the poesibility of
1listeriosis.

According to its course we may differentinte:

a) acute to hyperacute
b) subecute
¢) chronic-protracted and
d) sbortive

forms of the diseass.

The onast is slwmys umknown snd the prognosis in umtreated
cases often from dubious to hopeless if it is a question of an acute
or subacute disease of the C.N.8. Usually however, the forms of
digease that wers acute in the beginning go on to be cured or carry
over into a chronic stage, Abortive forms of the diseess have been

to date mostly recognized in pregoant women, where it is demonstrated

that the seme microorganism that barely app.ur- able, in the mother's

1: body, to cause any ¢linical symptoms, cen cause in fetuses or in
nevborns or infents s hyperacute, almost always fatal infection.

Many times a subagute course predoainates from the onset of clinicel
symptoms, that is possibly conditionsd by = specific defense mechanism
or s copdition of fmmmity of the patient.
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The clinicsl phenomeus show often, but yet not slweys, &
certain correlation with the above desoribed forms of the disemse. .
It appesrs expedisnt that the clinic should regard listeriosis ag one
of the most important disemse syndromes,

a) Septic sore throat form with mononucleosis, Notwithstending
a few sarlier reports (see tables O and 10) Nyfeldt has hed the honor
of being kuowm as the man who discovered the Listeria as a source of
humen disease. |

. In 1929/30 he was sble to isolate these bacteria from the blood

of three patients that were clinically ill with tha symptoms of
listeriosis. On the besis of careful hemamtologic and experimsntal
studies he nawed L. monocytogenes as the causative organism of listeriosis.
(Preiffer's glandular fever, monocytic anginm) and published his theory
in eight other reports om listericels dus to Listeris, including the
smll milk-epidemic in Vedbaek (227,320).

All patients had -seavere sore throet, somstimes with the picture
of a peritonsillar sbscess, with gray-white coated tongues, glandular

swellings, fever of about 38-39°C. and gensrally s leukocytosis with
nonamcleoris (up to T0¥). A faw cssss were coaplicated by meningesl

syptoms. The stiology was confirmed by isolation of Listeris from
blood and spinml fluid. The course was faversble. ~« The associstion
of listeriosis with msningoencephalitis and mmingitis had been slready
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reported previcusly by Hecht-Johansen, Epstein, Dehmshek, Sucher
end Schwmrsz (227).

Thege publications were hardly cbserved immedistely when
there arose widespread contradictions, uo.-ttius even amounting to
£1at challenges, since it happened that many resserchers were not
successful despite many attempts to affirm that the findinge were
due to other disssses.

The sciestific opponents of the theory of Nyfeldt caill
attention thereby among other things to the inability of the
Tistoria, in snimsl investigations, to activate the formstion of
heterophil antibodies,

By the work of Paul and Bumnell it was shown that agglutinins
against red dlood cells of sheep frequently~-but certainly not
alwvays--appear in the serum of patlents with listeriosis, of which
the detection at serum dilutioms of 1:64 and over (sometimes a
titer of 1:160 is given as the limiting velus) has attained grest
significance in the diagnosie of listeriosis, These heterophil
antibodies are different from the ones that appeer after injection
of animel serum ((Hangauutziu, 192%; Deichex 1926). For swmmries
ses Lippelt and Nogalski (1953) ss well (218)), They were obeerved
in about a third of the cases.

Stanley was able to show, that neither the protein nor the
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polysaccharide nor lipoid fractions of L. monocytogenes are able

to sgslutinate shesp orythrocytes or to stimuiate the formation of °
baterophil antibodies in rabbits. Hsterophil antibodies could
likewiss not be precipitated by absorption of the sermus with
Listeria antigess.

Wiqng (1542) found in 27 patients just as few Listeria in
blood or excised lywph nodes as Becker (1931) in the acute stages;
in serum from comvalescents no Listeria sgglutinins werse detacteble.,
Also the injection of killed suspensions of Listeris into volunteer
human reeeerch subjects did not lead to the formation of heterophil
agglutinin, Similer findings were mede by Janswey and Demmin
(s0e also (282)); Sohier (250c) as well e Barvier and coworkers
likevise rejected the connection botwesn Listeris-infections and
listeriosis,

This is in contrast to further bacteriologic obssrvations of
unequivocal proof of the pressnce of Listeris in.tbctiou in csse of
glandular fever and mononuclaosis (198,281a,326),

Parhaps the case of Beldridge end othars (1926) balong to
this group also,

A look at the came history of one of the cases dingnosed by
Webb might serve to clear this up:

"It Gancerne the case of & 20 year old medfcsl studest with a
Tabrile infection thet began with glanduler swollings in the neck
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which were not perticularly painful, Mild chills, muscle peins,
frontal hesdache and general feeling of being i1l venished ina -
few hours. After a few days of bed rest the faver subslded. When
the patient got up on the eleventh day of illness, a prompt rel;.mse
resulted., The initial symptoms were again aggravated, snd togsther
with painful cervical glandular swellings appeared a lymphadenitis
of the inguinal nodes. Thers alco wes an sacute pharyngitis. The '
blood count showed on the 14th day of illness typical changes after
the menner of snlisteriosis with 87% lympho- and mono-cytes in o
cell count of 17,800, All symptoms receded stesdily during kb weeks
ved~rest, and in the fifth wesk the glandular” swellings had also
disappearsd. Genersl weakness and tiredness persisted, however,
for 2-3 months more.

On the 1kth dey of sickness success was cbtained in culturing
L. monocytogemws from vemous blood,

The Paul Bumnell test was positive st the sams time at & serunm
dilution of 1:20%8, Previcus Injections of hé::c seruzs had not hasn

performed. On the contrary, formol-snitigsn of the Listerie strain were

at
sgglutinated, on the 37th day of iliness and 12 monthe later,/s serum
dilution of 1:25.

Further reports on an -néinal-nptic course of listeriosis
with incresss in monocytes were made by Bilibin, He chesrved in Russia
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12 ingtances of an acute infectious disemss in persons who 1liveéd in
an enviromment heavily infested with mice,

The clinicslly decisive eyndrome consisted in the acute
begioning of chills, Eeedache and muscle aches, fever, facial
hyperemia, conjunctiviti-s » and e widespread rash with roseolas,
particularly about the face and extremities. Thereupon came
enlargemants of the lymph nodes, par‘ai;:ularly in the cervical
region; more or lesg extensive liver and spleen edema, pharyngitis ’
purulent or pseudomembrancus sngina follicularis (sore throat)
and stomatitis, concomitently also disrrhes. The rate of blood
cell pmc,ipi;ﬂtion was slightly sccelerated or was normel. The
blood picture showdd only & mild leukocytosis and a more or less
definite monocytosis,

The Paul-Bunnell iest wes negative in sll cases, the Wassermemn
reaction in one patient was transitorily strongly positive; in three
caees the culture of L, monocytogenes frow the orgens of guines pigs
that had been inoculsted with the patisnts blood was successful,
vhile direct cultursl investigitions wers without result. Listeris
antibodies were detectable in the blood of 81l patients during the
third wesk, sttaining titers of 1:500 and over, and. remeining uneltered
for many months,

Concerning the ganersl involvesent of the tomstils with
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Pecudonsubrancus angine follicularis, glandular swelling, and -
mOnuCytosis reported by Urbach and Schabinski in sn institutionsl
epidomic among student nuns in which sbout 26 becams 111 (3&95').
Clinically it was a gquestion of s typlcal opldemic of listerioeis.
From throat amears and water that these petients had gargled, in
vany of thess cases, L.monocytoganes was iselated,-- In contrast
to this remsins the seriss of investigstions on 3500 throat smears

for Listeris in patients with listeriosis, tonsillitis, diphtheria,
stc., in Austrslie, which yielded no results (253).

Regarding the possibility of a serologic delination of ihe
Listeria-monocytic-angine follicularis from other listeriomes the
opinions are divided. Meenwhile it is certain that in many patiente
with listeriosis the Listeria titer rises during the course of the
diseass, and persists at many degrees of diiution (33,152e,b, 1794,e,
227,281a). In investigations on 20 patients three groups wers formed
on the basis of results of ‘the Paul-Bunnell test and the Listeria
agglutination resction {253 ):
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Teble 11: Subdivision of listeriosis following
serologle investigation (sccording to Stanley)

Group | Paul~Burmell ; Listeria iPurcoutage
test | agglutination !
A { positive { positive 35
{
ipositiva g negative . 35

§ negative | poeitive 30

Stanlsy inferred that the diseases in Group A probably resulted
from an infaction with 1. monocytogenes,

0f course, such a hypothesis is based on the ascumption that the
Listeria titers are specific in bumans, that is, they are definite
indicetions of arprevious imminologic exposurs. However, final proof
of this is st11l lacking (see pags 119 £r),

In investigaticns on sers of baalthy perszons and listeriopls
Petieats by means of the Vidal test and the complement firation
Yeaction, were found; in soame instances, Liztgria antibodies and
deviations of complsment at low serum dilutions (188b). The Paul-Bunnell
test was positive in these cames,-- On the contrary control studies
carried out elsewhers showed no slgnificant differences amoug & sizeeble
amount of matertsl (2k2c),

In ?h matitut:lopal spidemic at Jena wers chtained high titers
of up to 1€600 sgainst O~ and H-antigens of the strain of the micro-
Organiss belonging to type 4, and indesd not only in the clinically
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severely i1l students but aleo in the reminder of wvhom a few

bad survived & kind of grippe with angine follicularis (326),

The titer was cbserved to follow & curving course and later became
conniderably diminished (349e).

The serologic findings thus veried considerabvly frow one
another, but muet not, however, be unreservedly discounted, The
studier were conducted at different Places snd at different
stages of the dissase. The resesrch technique iteelf 15 in no
Wy standardized. Since rractically svery researcher worked with
antigens prepared by others, the results are geperally not compsrable.

Stanley's conclusions are based, for sxsmple, on rises in
titer in relatively low serum dilution (2:41:128)3 other authors
bogan their series of dilutfons at 1:20., The antigsnic differsnces
smong the verious Listeris types were often not taken into considerstion,

Hemtologically listeriosis is characterised by typical changes
in the white blood cell plcture, that under natursl conditions and also
in mnimel experimentation may aleo be caused by Listeria (see p. 25).
Therefore it is ‘h-rcuy to be sxpected that hesstologic investigation
would lesd to valuabls results in answering the question of Listeria-
infection-<virus genseis,

It mey be conmidered ss proved thet the atiology of nmmo;u
is not unique, but under this clinicel syndrome hides infectious
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dizesses of different origin (85,105,11%,233,342). If the menning
is also tsksn that clinically end serologically a differentiation
between listeriosis, monocytic angina follicularis, snd other
Iynphadenoses is posstbls (177) then the concepts of the clinicians
come to be regarded as generally synonymous (85).

Generally the trend is becoming widespreed--gs determined by
the results of far reaching experimental and clinical research-~to
consider one or more kinds of viruses as essential microorganismas
causing listeriosis. Individually, these worke are o be foumd
in the reviews of Murray and Girard, Nogalski and Lippelt as well
as Jorke (Zeitschr. f, ges. Inn. Med., 1953, p. 687).

This howsver doss not exclude the possibility that Listeria
ney be able to cause clinically the eame or at least confusingly
similar phenomens. This sngloel--septic form of listeriosis is gonerally
found in sdults and omly occasionally in childven. If definite
increases in momocytes sppear, the direass sydrome may hardly be
distinguished from listeriosis caused by viruses. Not nlweys are
all clinical symptoes pressant. As alrsady explained, there are cases
vith only a iimited monocytosis (31). From further obeervations
(68,309,333) 1t 1s to be concluded thet there are abortive couree

Torms with aniwithout monocytosis as well as with and without angine
follicularis vhich give the clinical ispression of an inexplicable

Declassified in Part - Sanitized Copy Approved for Release 2013/06/06 : CIA-RDP81-01043R002000110002-1



Declassified in Pa itized Copy Approved for Release 2013/06/06 : CIA-RDP81-01043R002000110002-1
N — B o . WAL g et Rm e T ag o e

N B v ot AT P g Lo ery i . o SRR v e (s s TR
P T T AR T SRERERS, L | e e

«156~

fabrile infection, in which the detection of Listeria in the blood

is successful. Tranaformetions into the weningitis form are 1:Lkev;ise
Imown, beginning with mild signs of meningeel irritation with Listeria-
negative or -positive spinal fluid, and up to severe, purulent

meningitis in cormection with s syndrome of grippe with glandular swellings
and monocytosis (242h).

Since it 1s today settled that the Listerim were the organisms
of a causstive nature in o mmber of patients with & picture of
listeriosis, further cases may be hidden samong Paul-Bunnell positive
as vell as negative disease stages .

Bactericlogic investigations are indispenseble for clarification
of this. These must be carried out as early in the mcute stagee of
the diseass ns possible, and by swane of repeated blood cultures from
culture specimens from the swollen lymph nodes. If also throat smears

wers often negative, (253d) the obpervatioma in the epidemic in Jens

yot show that the detection of the causative organism is posaible by this
method (326). In many casee obviously the artificial medium wes at
fault, in case of the detection of only a few bacteria;, so that we are
dependent upon the biologic investigation (injection of the patient's
blood inte suitsble resssrch snimsls) (31).

Serologic investigstious allow only a posteriori conclusions
to be mds, on the etiology of listerfosis if for exampls the Peul-Bunnell
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tegt or the Widal Listeria reaction vesult positively alone in
dimgnostie dilutions. Results such as those of Webb or in Stanley's

group A lead to the suspecting of a double infection.

The sbrence of Listeria-titers in repeated control tests
speaks agsinst an infection with these bacteria, against which
antigens of humen and snimel bodies relatively easily fornm agglutinins,
Moreover, positive results must be criticslly evelusted with respect
to the frequent f£inding of Listeria-titers in coutrol subjects (zese
page 119 f£f).

The widespreed involvement of the aree about the throat with
affection of the cervical lymph nodes points out the probeble point
of sntry. The other phancmsna may be attributed to & lymphogenous or
hemstogenous spreed.

The progaosis of the listericsis or monocytic sngina folliculeris
caused by Listeris 13. favorsble. The course was gensrally very promising
in the cases reported, with ihe saception of & 35 year old men who dled
of n septic Listeria pneumonia with abscesses on the tonsils, ths nasal

septum and the oral mucoss {222).

Just ss 4n the forms of mononucleosis due to viruses, with
conservative trestment in three to four weeks generally only spontaneous
healing occurs, with a convalescent period of many months duration

being needed.
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b) Oculo-glandular forms., During the course of an angine-~
septic listeriosis m conjunctivitis also often sppears (31). This'
15 viewed as an indication of a generslized infection,

To be described hers is a localized, acute to submcute
infiameation of the conjunctiva as we slso see in experimental
conjunctival infections of ressarch animels (ses p. 32). Iuck is
to be properly thanked for the Anton test, in that it originated
vhen he insdvertsatly squirted a technicisn in the face with living
Listeria, and s specific purulent con:j\’zlctpivitis resulted, that
hoaled without complications after treatment with Protargol.

This kind of Listeris-conjunctivitis trscesble to natural
infection has been reported many times in the USA end the USSR
(68b,196,246).

In a Chicago Towl markst in 194k two employess who had been
cleaning the fowls becams ill, with & follicular, hypertrophic
conjunctivitis which 414 not respond to the usual treetments, In
one patient the inflsmmetion had alresdy affected the cornea, of
the left sye, where it caused s mmooth ulcer with irregulsr borders.

Biocpey specimens showed histologically the picture of the
Listeria~conjunctivitis in antmmls, so that it was concluded thet
it was a Listeris infection.. The suspicions were confirmed by the

frequent finding of the microorgenism in the spleens of slain hens

in the seww market.
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Transmission was cbviously by way of en infection from. filth,

In eight children and one adult, who hed contact with animels
111 vith listeriosie, Russian suthors reported (196) an oculoglandular
form of the disesse, which maniferted itself in the form of a conjunctivitis
with widespread swelling of the parotid and sutwandibular glands therewith
ccourred somstimes s fever of up to 40°C. end a relative lymphocytosis up
to 70%. The incubstion time, that we even in human listeriosis do not
yot exactly know, is reported as from 3 to 15 days, the duration of the
diseass 30 to 100 days. Specific agglutinins sre formed regulsrly and
way be detected with a disgnostic test for Listeria in seruvm dilutions
of 1:100 to 1:5000 even after & yeer. Tbe diagnosis is made on the
basis of seroammlytic findings. It allows one to sxclude definitely
Dang's disemse and tularemis,

Localized Listerim-conjunctivitis doss not slways hesl spontensously;
tut can slso be-sucossded by a purulent msningitis (lysphgeacus?) which
ands fatelly (26). )

¢} Septic—typhoid-like courss forse, If sore throats are not

present, and instesd s highly ;m:u.o gmaeral infection predominates,

ve may speak of a ssptic~typhold-like form. Only s fev cases of this
kind have been described to dste, 1f one disregards the gensralized
infections undsr the granulomstosis cases, which will be taken under
special consideration later oun.
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A pertinent case in an sdult was reported by Sedallisn and
his coworkers, During the course of the disease there developed,
apparently from a eproaq. from focl in the lungs, & widespread
Pleural empyesa. Healing occurryed only after & long hospital
stay following a pleurctomy,

In many respects it resenbles the case of a Norwegien farmer
who infected himself while cleaning his sheepfold and died from
s septic meningitis (181).

On section a generalized, focus-forming, purulent brongho-
Pneunonia was found in the left lung. Listeris were cultured from
the focl, The infection mey hsve resulted aerogencusly from bai:teria-
1aden dust since listeria wers discovered in numercus Investigations
in the sheep fold of the deed man,

Thereafter similar cases must be suspected as in the epideaiology
of Q fevar, in vhich Coxiells burnati by their chief host, the sheep,
are transmitted ssrogencusly to men (265),

The fatal case alresdy mentioned in an adult (222) fits into
the picture of this section.

A clear division into septic-typhoid-like and snginal (sore throat)
septic courss form iz not slways possible, since the symptoms mey overlap,

The sppesrance of unkaown foci (sinusitis, otitis, ste) results
also in, for exsmple, a picturs of a cryptogenous sepsis in lsteriosie,
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in the course of which detection of the microorganism from the blood
or urine is successful (326).

It is to be remembered that this kind or similar cases will be
still more frequemtly found, as zoon as more attention is given to the
presence of & possible listeriosis and Gram-positive becilli in
blood cultures are not locked on as secondary impurities, as so
often happens (compare 7h).

Listeriosic of the CN5: As a result of a genermlized infection
or spread of local processes in the nose, throet, eyes and middle eex,
there cccurs not seldom an instigation or commencement or sowing of
Iisteria into the meninges, brain and spiisl cord, Thie leads to &
purulent meningitis or sucepbalitis frequently alsc to a meningo-
encsphalitis or formation of & brain abscess.

No age group is imwmne against this most dangerous form of
listeriosis., The published litsrature coutains case histories of
this from eerly childhood to the most advanced ages of life, of
course it is to be remembered here that meningoencephmlitic diseeses
in very young snd very old people are frequently rsported az otber
course foras.

The involvement of the cextrsl nervous system was brought
into a relationship with a nouyctropm of the microorganism. Whether
we will perbeps find e trus neurotropism in the case of Listeris i=
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uncertain, In case of Listeria the infection of the cemtral nervous
system is in many instances a partial result of the septic generalized
infection, similar to Coli and tubercle bacilli inféction of the

meninges in childhood them at autopsy the microorgsnioms ere found
not only in the spinal cord and brain, but also in the liver, spleen,
kidneys, blood and hesrt miscles, There are however cases in which
the CNS is igolatedly afflicted.

Meningitis due to Listeria cannot be differentisted clinically
from meningesl inflemmations due to other sources and can be diagnosed
definitely only by the use of bacteriologic methods.

Individual observations indicate that in cases in vhich the
csearch for the microorganism was not successful or was at the time
of investigation no longsr succeesful, serclogic methods (Widel test
and complement fixation test) mey give valuable hinte in critical
differentisl diagnosis. High titers az well as typicsl titer curves
will repsatedly be cbserved in bacteriologically confirmed csses.

Spinal fiuld sgglutination is detectable only at the lowest serum
dilutions (up to 1:20) (2423). ‘ ' ‘

In newborns and infants the symptows at onset are not characteristic.

Imuediately there are as the only detectsble indicetions of an
scute disesse with shellow and limited bresthing, slight cysnoceis, fever,
and refusal to set. The appearance of convulsions, muscle twitches, V
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sudden cessstion of breathing, with severe cyanosis, increased irritability,
and increseed fontanells tension indicate the infection of the CRS, which
with increasingly severs cerebrospinal meningitis, lethargy, or delirious
stages, is gensrally fatal.

In smell children the onset of an encephelitic irritation
rhenomencn 1s comsonly indicated during the course of listeriosis by
‘regulerly occurring fits of rage (151).

The disease begins in adults with & more or less widespread
often grippe-like prodromal stage that is stormy, with severs hsadaches,
chills, fever, incressing neck rigidity, retching and vomiting, and
leads to death after periods of increasing sommolence broken by
apisodes of agitstion, Thbe course is often fulminating, The mortality
among untreateld cases or cases that were treated too late is remarkably
high and amounts to about 70%.(138a). This corresponds somewhat to
the findings »ade during the last yser in Germany (see table 10).

Other cases begin subecutely, slowly, persist without fever, and are
at first difficult to classify syaptosatologically,

In the clinicsl investigation there are, besides the locsl
findings (sore throat, pharyngitis, purulent rhinitis, conjunctivitis,
otitis medis, etc.) the indications of meningeal irritation (stiff
neck, opisthotonus, positive Kennig and Brudsinski signs, weekening
or increase in rotims, b:poruthuh,. photoplgobd.a, muscle twitches)
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and encephelitic symptoms (vertigo, vomiting, vigual disturbences,

paralyses, most severe headaches, mental disturbances, otc,) predominate.
Phosis, myosis, and pupil rigldity are sometimes observed (163). -
In the peripheral blocd there is regularly a definite lsukocytosis
with general granulocytosis, comwnly in the earlier stages one also
£inds & monocytosis or a picture corresponding to that of a: listeriosis
(227,242b,319 and others) and in later stages of the disease the
monocytosis again diseppears.
The spinal fluid pressure is increamsd. The protein reactions
are generslly strongly positive; the suger content sharply lowered,
in 8 few instances however it may be increased. The appearance of
the fluid is, becsuss of increases in cell content, ususlly cloudy
or purulent but sometimes, however, it is clear. Among the cells

the neutrophil granulocytes genarally predominate, afterwards there

appesr, in increasing proportion and-many times overvhelmingly,
monocyte-like cells with single nuclel, 2s well as lymphocytee, The
moncoytes are one of the most lmportant indications in the ginal fluid
in Listeria-seningitis. In emear preparations one finde extra- -

and intra-cellular short gram-positive becilli, that ssy be confused
with pnsumococci, streptococci, and/or Corymebacteria.

If one presexves thess kinds of spinal fluide for a few hours

at room temperatures or in an incubator, multiplication of the becteris
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is often rapld, and the visual field in smeer preparations le
strewn with countless bacteria,

Figure 20, Spinal fluld cmear in Listeria-meningitis,

In cther cases the number of bacteria is 5o emall that cnly
after many days of fncubation is the detaction of bacteria in the
cultures concerned successful.

From the fact that the cases raported on lately have more
often been dlagnosed oarly it must be concluded that the microorganisms
vere many times not recoguized or were taken for contaminents,

Perbaps many Listeria infections axe in reelity hidfen smong
the so~callsd Mpy—rni:tmt poaumococel, meningitis and other
inflasmmations of the meninges from Diphtheria-bacteria » Corynebacteria
Acldobacteris, and so forth, Finelly, the listerioses of the CNS
that are comected with paychotic peenomena should mot Temain
unmentioned (151,268), '

_In three cases of thie kind which to be sure were only serologically
Yerified, reported by Timofewva and others, a chronically remitting
course (6 months to 1 1/2 years) was obasrved consisting of varying
fever, with depression, sensory 1llusions, delusions, OMIV. actions,
sggressiveness with the appesrsnce of ballucinetions, aderrations, )
and so foxrth, Neurologically was found atypical increased rolflexex,
anisocoris, vestibhular damage, unrestrained laughter, muscle tvitches,
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hyperesthesiss, and so forth, With only a slight increese in the
cell count and an increase in protein content of up to 0.99 xg. ‘,\‘»

there appeared in the spinal fluid pathologle colloid curvee of a
peralytic or & lustic type. ‘

A fow patients survive the acute stages of the diseaso,~~-algo
with conservative trutnmt—-»an:i & chronic meningitis results, that
can persist for many weeks and months, and must be distinguished
fron clinioally similsr procesess by differential disgnosis. The
cell increase then Irequently expresses itself as a disproportionate
amount, of lymphocytic and monocytoid cells, so that the existence of
a tubsrculous dissase mey be eimulated (32),

The epinel fluid cultures remain Iisteria-positive up to the
time of cure, Schulr and coworkers ware able to culturs the bacteria
from the spinal fluid of an adult even 120 days after the begimning
of the illness. Jessger and Myers isclated Listeris from the blood
of a patient %2 days after the beginning of the illness, slthough
they wers able to cure the maingitie, clinically, with penicilling
the blood culturs was firet negative after 72 dsys,

Besides, in s case of tuberculous meningitis a listariosis .
weningitis may also be prasent, as was demonstrated by Boese snd
Worth,

The healing of listeriosis of the CES 1is not very seldom
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comaected with persisting damage. This kind of defective cure
manifests itself in small children by the development of o hydro-
cephelus (156m,274) besides ptosis or strabismus (270) visusl
disturbances, ete.: in adulte as speech defects, loss of menory,
limitations in movement, nerve peralysis, ptosis etc. (70,232).
Very little is known to&ay about the sequelse of Listeria-infection
in the brain and meninges, Maanwhile it is to be noted that
serologic tests in persons with postencephslitic symptome and brain
dammge not seldom yield titer values that are compatible with the
assumption of & persisting Listeria infection (151,242§,312,318).
As an intrsuterine infection with Listeria msy even occur the
poseibility should not be excluded thet in cases of brain dsmage at

birth, vhich are grouped togesther, under the collective classification
of sncephalitis congenita (Virchow), in cne case or ancther may be
the result of surviving listeriosis.

The provocative nature of Listeris in meningitis end encephelitis
is uncontestable, because the bacterioscopic and cultural detection
in connection with the clinical picture forms an indubitshle stiologic
clarification,

The pethogenesis is certainly not unique. In relstion to the
septic genersl infection the possibilities of trausatic origing must
8lsc be investigated. Ruselan authors (cited sfter Bilibin) spesk of
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a post-traummtic Listeris meningitis, EHematologic dissemination
wes proved in & number of cases by positive blood cultures, and
autopsic findings, end a dissemination probebly was mede in other
petiente by the finding of I-ist'ria--{!.nfect.d foci in the vicinity
of the meninges (conjunctivitis, sinusitis, septic sore throat,
mastoiditis, and so forth).

It is probably combined also in double infectione with
viruses (242h) and protozom, for example, Toxoplasme (242k,312).
There are & favw reports on mixed intections with other bacteris,
for exmmple, in which, Pneumococcus mucosus,Streptococei, stc.,

were isolated from the sgpinal fluid iu ceses of Listeria-
encepbalomeningitis. These Tindings do not indicate a special
murgtropi- for Listeria, but rather for the )m of other
noxa, that are made possible by different bacteria, theat lodge
themselves in the meninges. It must atill be determined how great
s rale is played by virus infections in the sense of & pathwmy
of infection in case of listeriosis, for sxample. ' -

e) Septic granulowstous course-forms (Granulomstosis septice
seu infantiseptica).. In the sawe wey as in the animsl king&- the

generalissd Listeris-infection in ‘ﬁﬁiﬂ-"nsults mzf;pml focil :

Listeris-granuloms. xcoording to the locnugn of thou focs, t;l.
various clinical symptoms appear, of which some have a:!.rud;r bean
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discussed in the pravicus section. .

Just as in the resection of patients with listeriosis of the CNB_
are comscnly found widespresd liver, spleen and lymph node involvement,
it 1c assumed that tha favorsble cases, which occurwith the piloture of
& listeriosis and o forth, are based on similar pathologic anatomic

involvenerite,

«

The transition betwesn the individual syndrome forms nre fleeting,
The clinical picture is determined by the particularorganic involvement
that predominates.

Among the Iistcri.aotypos there is no special type that givas
rise sxclusively to a saptic granulomatosis, be it in newborns, infents
or small children or be it in sdults, Serologic investigations (2h23)
bave clearly demcnstrated thet sarctype 1 as well ax serotype 4 can
cause the same type of disesse. The delineation of a specizl type
{204,210b) 1s not Justifisdble (21%2f,157¢,191,317 and others), and has
meanvhile besn sbendoned by Potel (205). 7

The first observations of s geptic gramlomstosis in newborns
apd infants, and later aleo in adults, originated from Burn in the
USA (1933/34). It is %o the everlasting credit of Reisx, Potel,
and Krebs, as well as the systematic studfes of Potel and his coworkers
(204) to bave found, on resxsmination of this Picture of the diseese,
one of the most Important course-forme of ushriosiq_!_ .
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In 1951 Reisz, Potel, and Krebs raported ths results of their
studies on 20 instances of stillborn and premetursly born babies,
and infamts, that bad dled of an infectious disease cnused by bacteria.-
I;athalcgicailyvamtonically it was o question of a dicesse syndrome,
that was known to the pathologists m long tims ago under the heading
of argyrophilic sepsis, pseudotuberculosis, wilicry liver nodules
and so forth but of which the etiology could not be, up to the
presont time, explained. Potel succesded in finding the individusl
couse of this disesss by the detection of s becterium that he named

Corynebacterium infantisepticunm,

This bacterium was identified by Seeliger (1951) as Listeria
monocytogenes, Thereupon it was proved that in the cage of grenulometosis
infantiseptica it wes a gueetion of n Listeris-infectiom, In & large
portion of the patients described in pathological-snatomical publications
(compare table 9) the designation of listeriosis wight have been
applicable,

The significance of the labors of Potel lies above all else
in that granulomatosis infantiseptics remained up to that time an
almost unimown, infactious mource of fetal death, abortion, premature
birthe and fatel cawes during the first stages of 1life, which he has
explained, The musber of cases in the region around Halle alone
already totals 48 (323) and in mmerous other places in Germany further
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reported cases could be bacteriologically or serologically confirmed
{teble 10). Independent of the Germen suthors were the same course- -
forus yeported in 25 fatal cases in Czechoslovakia (191,322) and lately
are alzo known in Csnads and Englend (299,317).

Apparsmtly listeriosis is, together with erythroblastosis,
ayphilis, snd toxoplasmosis, one of the most frequent causes of
st1llbirths and fetal injury.

The following reports on the clinicel aspects of this disease
picture are based on 42 case histories which Potel has obligingly
placed at our disposal, besides the reports of a great number of
othar authors (1,40,41,63,9%4,95,157¢,156,191,20k,249,254,279,316 and
others) as well as our own observations.

The diseass 1z not clinically detectable in the fetue. Severe
demage to the fetus is first manifested by cessation of movewents

of the child snd by stoppege of the heert beet, Thewe indications
lsad gensrally to premature- or still-birth.
Potel determined that the earliest ssbryenic mouth for the

disease to taks hold was the Lifth month of pragnancy,

Unpublished reports of the author thet were formed from
results of investigatioms of the wothers serum after sbortion
{alsc after artificisl ebortions) show howsver thet fetal demmge
by Listeris-infection is also to be considersd earlisr in the
stages of pregrency.
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If the infection f£irst occurs ot a lato stage of praguancy,
dead fetuses mey be born just se well as living children, Thosge
born slive often sppesr to be alrveady diseswed, many others however
ssom to take a new lease on life, Many Presmturely born infants die
only a few minutes after birth, the mjority die in the first ang ‘
gecond week of life.

The clinteal pbencmsin are not characteristic. They ave
considerod by the doctor and the micwife am debilities, amnlotic
fluid aspiretion, mutritionsl deficionsies, and sc forth, The
source of infection ie not to be determined clinically.

Often the doctor finds m newborn thet is moribund in eppaarance
vhich does not survive the morning efter delivery in the hospital (63).

In the foreground stand injuries to respiration snd circulation
of the blood, with dyspaea, hresthing by movemsnts of the nagal alae
{stertorous breathing?) transitory or fatal episodes of apnes, chilling,
ciyanosis up to turning veritably blue, vomiting, episodex of
convulsions, lov mosning, presature passing of mecouium (sometimes
even in the smniotic fluid), passege of slimy stools, Diarrhee and
the usuel ’Wmco of roseola or papules belong also to the clinical
picture,. Turgor is incressed; the miscle tons on the contrary is
lowersd. If the children survive the first day, s purulent meningitis
also appears, then, vhick seals their doom;

]
v

Declassified in Part - Sanitized Copy Approved for Release 2013/06/06 : CIA-RDP81-01043R002000110002-1



Declassified in Part - Sanitized Copy Approved for Release 2013/06/06 : CIA-RDP81-01043R002000110002-1

Aemutirapgiatiten v s S Sl CTEESERET YT Ty - oA N b ™
. . vz, - s T s e T S TN TR
- - 2o =T g5 K SRS P CIRIFT a Col e Lol

e R T RS TR

-173~

In 2 week old infant the disesse often begins as gripps-like
diseasse, cough, catarrh, dyspepsis, and bronchopneumonia.,

Since the child 1s generally very seversly 111 and the attention
of the doctor is given fully to meens of pregerving its life, only
often a littls, or even no vemponsble investigations are mede, €0
that the underlyingosuses are hereupon st111 not fully understocd.

Taking X-rays of the lungs reveal in a few patients some mell
not sharply defined, tronchopneuncnic floccular shadows. By
auscultation and percussion only occasional reles and transitory
difPerences in reverberations mey be detected,

The liver and splewn are only very rarely found to be enlarged
on palpetion and to have & soft consietency, but sometimes 8 norwal
consistency. On sccount of the dsvelopment of icterus neonatorum,
that may reach e point (dus to the sffects of the disensce) of a
definitely yellow appesrance, serologic teste for the differentisl
dlagnosis of the otber liver diseases are of no value bere. Alsc

Figure 21. X-ray taken of the lungs of 8 new hoxm
infent, with listeriosis (slde view) (Potel).

if the inepection of the rear wsll of the throet in nevborns is difficult,
1% should pever be overlooked in case listeriosis is suspected, since

in that case we regularly find the cherscteristic mltiple gramulommta

on the posterior pheryngeel well (210e,b).
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The temperature curve is not characteristic, In some cases
e highly febrile course is obscrved, in others a hypothermia.

Concerning the besrt besides a tachycardie there sre no
special Pindings to be made. The common final circulstory fallure
is in the mejority of cases definitely of central origin., Erdmamn
el Potel suspect an indirect infiuence upon the circulation as =
result of the affliction of the sdremals.

The blood count shows a mors or less definite leukocytosis
with displacement to the left, snd the appearance of immeture red
and vhite celle, Monocytosis wos sometimes obgerved, but was nissing
in other instances.

An eticlogic diagnosis is not to be made clinically, since
sumptoms such as apneic episodes, circulatory failures, impairmants
of ability to drink (swallow) end so forth are common indfcotions of
premnturity. In differsntial diagnosis birth injuries such as
tentorial tears must come into congideration, with their resultant
widespread bleeding, which say mesk a Iisteris meningitis; and
congenital syphilis may taks a very similsr course,

The psthologicsl-snatowical £indinge are on the contrary quite
characteristic and sre distinguished by the pressnce of ailiary noduleg
in the organs (for exsmples, see 3. 89 £f).. In the early stages bowever,
sacroscopic changes may be exntirely iscking?
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, Thersfore the establishment of & definite disgnosis is
assured only by bscteriologic methods, For basic investigations,
the meconium, the orgsns, particularly the brain and spinal finid,
and also the placenta and lochim should naver be averlooked (mee p. 109).
Retrospectively serologic investigation of the meternel blood
mey yield valushle findings.
The infection of the fetus may occur by different patlweye.
IL is fairly cortain that it does not ocour aclely by wey of the
blood vessels,(dlaplacentarily). Meny pecple have shown muserous
times that commonly the ammiotic fluld is firet infected intrauterinely
and the microorganisse are sbsorbed through physiologic swallowing
of the amioctic fluid. The infection of the asnictic £iuid conceivsbly
- takes -place via external as well ss vis internal (displacentary) routes.
Infected smmiotic fluid, that not seldom contains meconium,
has o muddy or cloudy appearsnce and is colormi gresulsh to brown,
Infections mey also occur during birth from aspirstion of
smniotic £1itd containing Listeri with resultant bronchophneumois
and sub-qum geoaralized infection,:
The infection that occurs intreuterinely or intre partum is
not alweys acutely fatal. This msy be demoustrated by observatione
on the birth of twins,
Indesd, many times the death of hoth twius is reported. In
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other much instances (table 10; 238) one twin, however, survives, If
consequently it is not to be concluded definitely that in such :aaes
the infection of the surviving partner generally was not proved, this B
agsusption has also little validity.

Poseibly the infsction doss not always run acutely, but remaine
latent in = few cases or takes a chronic course.

Ons such oase was reported from Greifswald (94%b,95), While one
twin died lmmediately post partum from listeriosis, the other died
three weeks later from interstitial plasme cell pneumonia, The
beginnings of the formetion of I:iator:la-unimtia vas stopped by
Aureomycin, Resection revesled = heoaling, septic, listerfosis. With
the sxception of the foci in the liver, all remeining foci were
practically healed.

It 18 still not clear vhether gurvivel of the infection during

the embryonic stage is possible and results in a defective healing
as in the case of the rossola or toxoplasws infections,

Finally it bas been demonstrated thet these forms of listeriosis
that appear relatively often in newborns also appeer at other ages of
life,

In the review of Qsbike ths ages of-~according to the opinion

of the authors-~infants dying of listeriosis were given mx 1 to 420
days ,“(ubaut balf of the 22 collected cames ﬁn 2 months or more omj;
L fatal cases in fnfants that were reported by Schmits ranged in ages
from 1-i& months,
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Soms newborns developed normelly snd became 11l later, The
dofinite intrauterine or intravaginal infection in the cases of the
stillborns or tho ones born ill, that was generally believed probable
in the cage of the pewborns that became 11l immedistely post-partum,
may be considered to have cccurred in these casep only if ons
gupposes a long latent period or a slow tortuous course, However,

since @ perorsl transmission of the microorgenism is to be considered

at all times, the infection in such cases might occur besides outside

the uterus.

This pathiway was confirmed in gramulometous listeriosis patients
in the cases of edults, as was described by Burn in a 53 year old adult
patient with otitis media, meningitis and sepsis as well as by Sesliger
(242g,133) 1n & 50 yesr old shoemaker in Molmedy with septic granulometosis
without involvement of the CNS,

The lmtter became 111 on Christmas, 1950, with noncharscteristic
synptoms such se tirvedness, weakness, and loss of appetite, After 4
weaks n swelling of the abdomen was noticed, which was due to dropsy.

About the heart was found = pericardisl effueion; also in the areas of
both lung fields massive pleursl and intralober effusions on both sides
could be detected elther clinically or roentgenologically. The liver
wae hard, smooth, snd extended beyond the edge of the ribs in the
medioclavicular line sbout thres to four fingerbreadths, Hepested
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bacteriologic tests of ths pleursl. exudate, ascites fiuid, and ‘blgod

yielded no results. The BKS (precipitation rats of cells?) was not

raised, the blood count, except for a pild snemis was noxmel. The

1iver function tests showed: bilirubin index 1..16; Teketa Ara: test negatives
Veltwenn T; Grose' test 0.44 to 1.54; bilirubin direct test 3,03; cadmium sul-

fate test negative. FElectrophoretic protein snalysis showed considerable

deviation from the normal conteut: slbumin 46%, alpha globulin 29%,
beta globulin 18,69, gamns globulln 6.h%,

The petient appeersd to have the symptoms of 8 prograssive atrophy
of the liver, and after sbout s half a year of the digease went into
a fatal hepetic coma. The clinicel djagnosis favored hepatosplencmegaly
and polyserosities.

Only through the bacteriologic investigation of the organs,
ccoasioned by alsost overvhelwing £indings in the livex spleen and lymph
nodes, that were not easily cleared up, ves it possible to explain the
aicesse synirows stiologically as dsfinitely a meliguent listeriosis.
The cage holds interest, when ém realizes, thet such a bacterisl
disease lasting for months could n@t»vbe disgnosed intra vitem despite

rapeated bacteriologic observations.

The appearance of widespread affusions eppeers sleo in cextain
1istericsis forme in adults to be pathognomomic, Therefore pecple

w11l have o think wore then they do now of 1isteriosls in cases of
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polyserositis, sbove a1l if the exudate quickly .3els: and 1is rich:
in phosphates,

£) Iisteriosis in pregnancy. The hypothesis of en intrauterine
or intravaginal trenemission to the fetus or to the nevborn precumses

" an infection of the gravida. Its detection and itg imderstanding
ere of outstanding significance for a workable prophylexis,

While in the reports of Awericen writers no important facts
concerning a previocusly existing maternsl disease in cages of listeriosis
in the early period of childhood are to be found, there are other
reports concerning exactly this happening, for example in a cage
published by Slooff:

A ten day old infant became 111 with a bacteriologically
verified Listeria meningitis, The mother had conjunctivitie and
rbinitis with bloody secretions during the last month of preguancy.

A few days post partum she died of meningitie, Although gram-positivo
bacilli were detectsd in the spinsl fluid, bacterioscopically, the
cultures remmined sterile perhaps because of the chemotherapy
administered. The child on the cther hend they were sbie to save,

Ve could hardly go wrong in sssuming a direct comnection between the
two patients,

Listeria meingitis in Pregoancy has slso been observed in
Germany (2k2h).

I . - 110002-1
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A 26 year old womsn became 1ll suddenly in ths geventh monta
of pregnancy with parslysis of asglutition, and pain in the heed and
limbs. The tomperature rose on the second day of iliness 4o 39.5°C.
along with which she menifested clinical signs of meningitis. In
purulent spinal fluid, (compare Figure 20) Listeris wers dstected
in pure cultures carried out twice.

On the contrary numserous publications on behalf of the
pethologists say practically nothing about maternal disease in
casos of stillbirths; presature births, or newborn bebies 111 with
the so-called pseudotuberculosis, that--as already sald--is
froquently represented as nothing but another form of listeriosis.
An infectious source of miliary nodules in the liver will generally
be regarded with skepticimm,

Moreover, Patocka and coworkers report thattbe mejority of
the mothers of newborns i1l with listeriosis presented themselves
no diceass during pregmancy that people oould define as lizteriosis.
Tn a few cases however mild "grippe-like” infections will be noted,
The suthors conclude that the infection generally runs a subclinical
or asysptometic course and is only revealed by the illness of the
offspring.

On the contrary other sutbors {1,157a,210b,25:) were able to

raise a seriss of histories, vhich showed oluwes to the course of
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l1isteriosis in pregnancy.

Many gravidse became 111 specificslly a Pow weeks or days
vefore the abortion or delivery, with acute febrile states with
headaches and chills, others experienced an angina, Disrrheas
wore cometimee reported, pyelitis repeatedly sppeared,

The white blood cell count was g8 a rule unvemarkable,
aport from in a few lustances lsukocytosis with increese of sogmented
cells and vith deviations to the left as well as the usual monocytoses.

In a fow cases occurred during the course of the illness a
puerperal fever that was genarally without coaplications. The
temperature genarally subeided after confinemant, e few patients
however also had fever that wes generslly without complications.

The tespersturo gensrally sibsided after confinement, & few patients
Howaver slro had fever during the childbed period.

Therefors the scute, febrile, grippe-like, genermlized infection
of the maternal body ia charmcteristic of the mild cases. Whether also
many cases of pyelitis gravidarum are due to listeriosis cannot be
gtated with certainty, as the detection of the bacilli from the urine
has to dats seldom bean succeseful immediately post partus..

Because it is truly a question as to the presence of a Listeris
infection in cases with these symptoms that are less characteristic,
they must be interpreted on the basis of the rwsults of tmcteriologic
and servlogic studies.

Declassified in Part - Sanitized Copy Approved for Release 2013/06/06 : CIA-RDP81-01043R002000110002-1



0110002-1

roved for Release 2013/06/06 : CIA-RDP81-01043R00200!

Declassified in Part - Sanitized Copy Ap : 2 e —————— =
' ) O ¥

-180-

The microorganism has been successm.{y culturod from the
blood during the childbed period; it was sometines detected in
the lochia, in vaginal serapings, in the urine and in the placenta
(68,191,204,316,317). It should be noted here that ths detection
of the microorganism is mads prarticularly difficult decsuse of
the bacterisl flora of the lochia.

The identity of the nicroorganimie isolated from mother
end child was proved biechemicslly and seroanalytically (204,2423).

Not yet definitely exploined is the long interval of time
between the meternal infection and the outbreak of disesse in the
fetus. In general this interval usually appesrs to be relstively
%00 long for diaplacentary becterial infections. In the case of
listen;)-is it is however, repeetodly reported thet the premeture
or stillbirth follows imesdistely after an acute febrile infection
of tho gravida with chills, Hegameun snd Simon put forth the
question as to wbether this is not g result of fotal infection long
after the maternal infection tosk place, If that proves correct,
the Listeris infection in utero would not commonly be dietinguished
from other bacterisl infections.

Unfortunmtely the clinically little apparent Tisteris infactions
are not alwys bacteriologically detected during pregnancy. Becauss
they often bave e chronic or subscute course, the body of the gravida
has the ability to form humoral antibodies, that are serologically
datectable,
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Listeris agglutinins are found also, however, in hsalthy

porsons, wherd by a positive Widal reaction that must be conducted

with the antigens of the different typos, is not elways capable of
proof. According to Seeliger only titers in a serum dilution of
1:302 or more or clear rises in titer of at lesst two stagoes are
of disgnostic significance.
The complement fixstion test is more epecific s the propitious
use of which, in listeriosis in pregoancy, Seeliger first reported (ek2e),
The results sre coaparsble to those of Patocka » Who worked
out a similar method independently, Exnmples mey be found on p. 124 £2).
Both tests complement each other fromaqposite points. In high
agglutination: titers the complement fixetion tewmt may be negative;
the reverse has not been obeerved and moy hardly, thus, need to be
considersd, A pocitiva complement fixption test in serum dilutions
of 1:10 and over is to be considered a sign of o persisting or generalized
infoction. After hsaling it will quickly become negative or gink to
4 low value.
They bave repeatedly succeeded in revealing, by the use of thece
gerologic methods, the presence of a2 olinieal asymptometic listeriosis
in preguancy or to yield Ffindings that are coupatible with ths diagnosis
of a nstorioéise These women heave as a rule alresdy experienced
aborticns or stillbirthe and therafore have consulted the ciinic {hospital).
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(242,307,311 et al.). . .
The individusl titers were in thece coses generally remrkably_

high, and the complement fixation test ylelded in the presence of

Ligteria entigens strongly positive results in dilutions of 1:10
to sometimes 1:80, These titers ramained congtant, with small
variations, witbout treatment but diminished as a ruls however,
after therapy with sulfonamides and antibiotics,

The observations to dote lsad one to conclude that 1t ig
possible through the use of chemotherapy or administration of
antiblotic preperations to overcome this kind of infection and
to further an undemeged 'course of the gravidity.

One of the chief difficulties of sercdiagnostic methods lies
in that froam the titers it cannot be conclusively ascortained whather
an infection still exists at the time of the testing. This is quite
probaibla in care of positive results of the complement fixation test
at high diluticns. The search for the microorganism zhould then
be parformed under any clrcumstances,

Partinent serodiagnostic tests sre proaising and should be
performed in all cases of unexplicsble febrile disessee in pregnancy,
especially in pyelitis, and the seaw aftor abortion of stillbirths
and also however in case of renewed pregnancy subsequent to a previous
atortion, stc. Thie goes perticularly for pregnencies smong farm
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folks, and in women who directly or indivectly handle snimalg end

thelr products.

It has not been shown that the microorpganiem aftor gurvival
of a generel infection, romaine in the vagina and may damage the
fetug in cases of renswed pregnancy. In 8 series of verified
1isteriosis cases, many stillbirths were snammestically revealed.

It is not known whether an infection mey occur by wvay of
the mother's milk.

Findings in the animel kingdom es well as the resulte of
the resesrch of Potel in preguont guinee pigs with positive vacterial
findings in the mother's milk makes it probable that the thing
bohaves perhaps similarly in humens.

To date there is nothing to gay definitely about the morbidity
of listeriosis during pregnancy. It appeers not to be slight. In
the middle of Germany (Balle/S) during a period of 3 yeers among
5,000 births 170 suspected cases were investigated serologically
and backericlogically, whereby six were provad to have listeriosis (1b).
The results of specific research in the region around Bonn yielded &
Ehil%. higher q,uoze; of suspected cases (242)). Exmct figures will be
published shortly by Bruenig and Fritzsche from Leipzig; in & pericd
of 10 months the perinstal deeth rate among 3,246 clinically confined
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children wos 5.42%, then proved listoriosis mortality wss 0.15hf.
By immedinte detection and treatment of these kind of cases the.
perinatel mortality mey therewith be further lowered,

g). Other forms of listeriosis: The total symptomtology
of listeriosis is definitely not finished with tha pictures of the
disease set forth hers, Just es in brucellosis we must reckon with
a total clinical syndrome. Only lately hus Wenkebach in Argentins
found thet Listeria in males can cause a protracted uréthritis.

His observations consist to date of five reported caens,
scuetimes mixed with gonorrhes » in which a common source of infection
or promiscuity cannot be definitely excluded,

Thereby it might be concluded that transmission with all
subaequent results mey possiblyyotem from cohabitation also, It
is to be determined slso whsther this form of ¥steria infection

&lso plays a role in listeriosis in pregoancy, or whether it appesrs
‘ in noteworthy numbers among people who work with animels,

Finslly there are atill the fully symptomlees Euus of

listeriosis to consider., An instructive exsmple of this is found
i in an observetion of Myers (319) en = clinically heelthy young men,
in whom during & routine chest x-ray suepicicus foci were found in
L the lungs.

Thers was neither faver nor blood changes nor obvious symptoms,
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To exclude brucellosis and tuberculosis suitsble cultural invenstigations

Were conducted, While the blood cultures were alwnya nogative, -
L, monocytogenss was twice successfully isolated from aspirated bone

marTo,
Further atypical course forms were reported by Hoffimenn and

Walbrlick, for exsmple in o young women with severe ancmia end ondocarditis,

from whoee blood Msteria wers ocultured. Healing with a residual

valve injury resulted after inteusive spimel therapy, Likewice

Listeria positive was the blood of g LT year ola men, who dled of

a bronchisl carcinoms with widespread metastases that wers detocted by

3. Pathologic Anatony,

As alreedy stated, the pathologic anstomic plcture of granulomatous

8 pathologist.

listericsis hos alresdy been known for a long time under the clessifications
of "pseudotuberculosis” "argyrophil sepsis” or miliary and organic
necrosen, (tsdle 9) (182,20%4,210,228, 204 ).

The designation mede by Fhorth (1885) for a digsese of rodenta--
"pseudotuberculosia--was carried over into human pathology by Henle
and since then has been umed by meny ressarchers, Meny unaxplained
things remsin here, therefore one would do better to avoid this
claseification, which lsadg easily to falee interpretations,

In Germeny the srganie changas in husan listeriosis have beon
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discussed in s mumber of publications in which it is ellowed that

many earller cases were without doubt classified under other names
(9%a,b, 133,210,228).

The following sumsary gives the egsentials of the sources quoted,
of which for study the original articles must be consulted by individuals.
Listeriosis in humens is characterized by the appearance of
miliary nodes in the organs. The wacroscoplc changes correspond largely
£o those in the animel kingdom in experimental infection and in diseaces

occurring under biologlc conditions (in their native babitat).

The frequency of organic {nvolvement varies from case Lo case.
Appearsnce and thickness of the formation of focl are different and
vary sccording to the mode of infoction, infaction-dose, and ages

The disease among newborns and infants is distinguished by @
disseminating involvement of numerous OXgans with pinpoint to millet
seed-pized nodules.

Almost always e widespresd involvement of the liver predomiunates,
which, similarly as in miliary tuberculosis, is permeated with grayish
yellow nodules. To these correspond 8lso tb;z findings in the spleer,
advensls, lungs, especlelly the subpleural areas, egophagesl WICOsa,
posterior wall of the throst, end toneils. Nodules lying subepltbelially
often break through, so that necrotic-ulcerating foci are formed (for

exssple, on the tonsils)., Generally one £inds definite bronchopneumonis
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with diseminated, submiliery mecroses of the alveolar strome, besides
purulent otitis medis, kidney necroses, end so forth. Also these _foci may
be found in lywoh nodes, thymus, bone merrow, hesrt muscle, testicles,

end muscles. ‘

The intestinal tract is affected in varylng degrees. Nodules
appear mostly in the region of lymphatic tissue in tho small intestine
and appendiz, and were aleo hero in eerlier obeervetions only geldom
mlesed, The colon and the rectum are not as a rule affected; although
at the some time a necrotizing focal or imbedded, disseminsting colitis
with concomitant £ibrinous peritonitis wers rspeatedly found. Stomach
and duodenus presented themseives meny times as free.

In most disseminated cmses the soft brain coverings reflected
the miliary spreed clesrly (see also further below).

An involvement of the skin not previously reported was described
by Reiss. This involved meinly the beck and lumber region, and to 2
lesser degres the skin of the extremities. It consisted of the appearance
of millet seed~ to pinpoint-sized grey white, raised papules wvhich are -
surrounded by a red bvorder. These changes are not so clearly seen
during 1ife (20%e).

In the few camses of listeriosis in adults that were autopsied,
£indings wers revesled that wers similar in principle but sometimes,
however, divergent, Thus Schamesow found in & 35 yeer old man, besides
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ulcers on the left tonsil, nassl septum, and oral mucoga a necrotizing
abecess forming focal pneumonia, purulent necrotizing bronchitis,
and poriportal (around the portal vein) granulomas of the liver., In

spots there is & resemblence to an egranulocytosis.--In the case described

by Jung and Seeliger severe chanée‘a in the liver snd spleen predoninate,

which repemble macroscepically an infiltrative nodelike tumor,

In the liver was found focal areas of inorsasing involvement
with clay-colored aspsct and irregular, map-like boundaries, in
between grayish red areas with numerous smell, gray white nodules
(Figure 22).

The splanchnic nodules were welnut- to hazelmit-sized, one
reached the cize of » small heas egg. Aleo the mesenteric lymphnodes
vere enliiraod and iz;i‘octcd with nodule-like foci, The lungs were
likewise attacked, the CNS on the contrary was free from infection.

In Listeria encapbelitis mecrodcopic changes may be totally
sbsent, Often one finds however in submiliary encephalomsningitis
submilisry nodules up to miliary sized, in the reglon of ths leptomeninx
a8 well as at the base of the brain and over the convexity, mostly
about the larger blood vessels. The brain tissus itself 1s hyperemic,
rich in fluid, and somstimes affected Ly dispedetic bleeding. In the
spinel cord tissues one wey find hi various quantities paie ysllow
focal softenings that are sbout the sise of a groin of rice. The
chorold plexus is hypsremic to a grest degres. In purulent meningitis
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the subarachnoid spaces are £11led with a thick purulent exudate.

The histopathologic appearance of human listerlosis shows no

basic differences from the animel tissues, by way of resctions. The

histologic sppearance of the miliary nodules shows the same
characteristics. The adifferent states of nmodules in the process
of formation jumbled up together make in the same organ an often very

distinct picture.
FPigure 22, ZIiver of en adult who died of listeriosls (2h2g).

According to Reigs the sppearance of the focl is not connected

with any perticular site on the liver lobes. The focus-like areas

are fairly sharply set off from the healthy tissue., The acticn of the
microorganiem leads immedistely to o primery necrosis with considerable
increass in reticuloendothelisl oloments (cells) (Kupffer's star shaped-
cells, histiocytes, epithelial cells and monocytes) go that a granuloma
ig formed, The interior will be moetly nacrotic, snd in the center
thers iso white non-homogenous cosgulation necrogis (S4a) which spreads
$tself from around the nodule into the periphery. The border zones

ars £illed with more or leeE nuUMerous inflemwetion cells, From them
capiliary and histiogenic resprption cells spread cutwards, 'botmn
which the cell and muclear fraéntnts 1ie. Purulent effusions snd
caseations do not, on the contrary; belong in the picture of Listeria

granulomss.,
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In the neighborhood of the central necrosis the microorganﬁzsms

are found in considerable musmbers, end uncharacteristic striations,
that are best made evident by Grem staining or by eilver steining
with the method of Levaditi.

One may correspondingly differentiate initial foci, proliferative,
and resorptive grenulomata, which many times appeer adjacent to one
another.

Similar changes irvespective of what age they sppesr, are found
in sll affacted organs. Sometimes stationary overgrowths of cells
predominate, other times changes into lympho-histiocytic infiltrations
are detectabls. Frequently, vessol necroses andoell-like intimm
gronulomata are to be found as 8 soquel to septic diseemination,

In 1i{steriosis of the newborn the placenta shows generally a
picture of an intervillous inflamsetion (210), Hsgemsnn and Simon found
in the region of the mastexnal decidus and chorionic villi considerable
concentrations of the microorganisu. On the contrary the becteria
content of the chorion lamells, was extraordinarily sperse. Corrse-
pondingly the focl in the liver and kidneys often manifested a high
degree of cell proliferation. JIn the aree of the ' chorion lanells
{ndividually reactive epitbelizstions and circumscribed nacrosss; &
wider, cell wall formed from greet monoeytic-histiocytic-resorption
colls was found by Hagemsnn and Simon st this site to have particularly

Declassified in Part - Sanitized Copy Approved for Release 2013/06/06 : CIA-RDP81-01043R002000110002-1



Declassified in Part - Sanitized Copy Approved for Release 2013/06/06 : CIA—RDP81—01043R9020901 :li)_(3221 e

R N I N S S IS S T R IRy 2

<193~
good defensive functions. The authors named supposed that the basel
membrane formod a definite barrier to the transmission of the miero-
organisms from the maternal to the fetal ¢irculgtion,

The tissue changes in listeriosis of the CNS are likewise
distinguished by granulome formation,

Smell rice grein-like foci appear often in contact with a
radiating pial vessel perticularly in the upper snd middls cortical
strata. Such cerebral cortical granulomats wers not seldan ;nenifested
by discus-like infiltrations of the leptomeninx (Simon). In the
vicinity of these foci it amounted to total destruction of the
tissues with phagocytosis of the muclear and fidrinous frogments by
histiocytes, At the periphery no glia} infiltration is generaily
dotectable, Also in the presence of ulcersting focl in the spinal

cord tissue glial reaction is often abeent, Frequently one findg
perivascular accumulations of yzphocytes., In‘ the region of the
perivascular tissues thick rolymorphomuclesr cell wall is formed.
The granulomats lying thickly under the ependyma project into the
ventricles and coasidersbly narrow the outlets, On account of the

usually severe involvement the plexus choroidei with Listeria forme

definite cell infiltrates (mostly with few leucocytes) and grennloms-
like concentrations. The spinel fluid is rich in cells (predominantly
aonomiclear cells, leukocyte components quite digcernible) and
contains the microorganism,
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The pathogenesis of the newborn and infent~listeriosis, as

the course form best investigated to date, in human listeriosis,

may be recoustructed from the study of the histopathologic changes.
Relss gives the following pattern for the pathway of infection

and the spread of the infoction in the immature organism:

Infaction of the mother

Diaplacentary infection of the fetus vias the umbilical vein,

Septicemis of the fotus with changes in all organs.

Excretion of bacteria with the urine into the eamniotic fluid,

Infaction of the amniotlc fluid.

Aspiration and imbibing of infected amniotic fluigd,

(Changes in the respiratory system; otitis medis in some cases ).
(Cbenges in the digestive trect)

Poselbly bronchopneumonia or emterogenic septicemia.

Many of these appear heve only hypothetically, for example the
sssunption that there is repested infection first diaplacentary and
then per orally. --Schmitz reports on "milisry liver nocroses’: "The
disense as a whole appears thercfore often as a congenital, overvhelumingly
enterogenous (ammiotic fluid) less often as an aspirative-pulmogenic,
and etill more seldom as & displacentarily (?) transmitted generalized
infection of & septic-petastatic nature, that ueually makes its
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appearance as one of the diseazes of the digestive tract. It sproads
from there as tho microorganisms overvhelm the liver imwediately via

the portal vein, that is thus the orgon most often affected, and may

from thore 1ike eny infection, conquer the lungs and ultimately ell
organs of the greater circulstory pathways,"”

On the contrary there sre the findings of Hagemamnn and Simon,
that largely discounted the possibility of e perorsl, emteric infection
a8 8 soquel to an infiltration of the microorganism over the chorion
lomella into the fetal ammiotic fluid, These authors beliave it
more likely thet the bacterial disseminetima into the fetus occurs by
way of the epithelium and capilisries of the choriomic villi.

The pathogenssis ie probebly not unigue but veries with the
age of 1ife and the differences of the port of entry. The different
views cited sbove ars in no wey contradictory to this. The findings
consist of an heterogenous disease synirome of immature as well es
mature, premmturs and stillborn but sowetimes occurring in infants.
The latter need not have bHeen unconditionally infected in the utexrus
or during birth. In general i1t iz not very sertsin that in e11 the
cases described by Schmitz it wes @ question ol listeriosmis,; because
the detection of the bacteris by bactericlogic methods was not

succeasiul.
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b, Epidemiology.
Ever since comparative studies have shown that there are nd

differences in the Listeris strains isolated f£rom men and from animals,
and that all sero- and blo-types as well are present in men and
animals too, human illnesses have been traced back to sources of
infection in the animal kingdom.

This relationship that hes been discussed many times mey dbe
however only relatively seldom verified today; because very often
one camct anamnestically f£ind a definite focus or source of humen
infactions, Generally it is discovered on painstaking investigations
of this, that often the disease arose in the neighborhood of an
apizootic or an enzootic, without however being able to determins
the method of transmission in retrospect. Researches have only
during the last decads ylelded, from the bere hypotheses, = geries
of more demonstrable deductions., Thus & number of hussn infections
resulted from dirt snd filth infections as for exampls occurred in

the conjunctival infecticns described by Felsenfeld in esployess

of & fovl market., A few of the cases found among humens in West
Germeny might be traced back to similar sources, Post-trausatic
cases of listeriosis may also be explained thus., A dust infection
1s likewise possible. This applies above all to the cases observed
in Russim, in which listeriosis appeared meny times in neighborhoods

or living quarters in which a mouse plague s rife. We may here
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consider a trensmission similer to that occurring in casep of

tuleremia (135). Besides also in cleaning of stables in which
infected cattle were kept it mey result in probable aerogenous
infection, as the cace reported by Qdegaard end coworkers of a
fatal outcome of the diseass in a Norwegian famr, serves to

teach us,

Usually the disease appears to originate from direct contact
with infected domestic and leborastory animels, from the flesh of
slain animals, animal cedavers, hides, geme, etc. Also hers one
finds many parallels with tularemis. It iz certeainly no mccident
that listeriosis cases--as far as we have been able to ascertain to
date--are found most often in persons, who had direct or indirect
contact with snimels. An incressed danger of infection is definitely
to by reckoned with in certsin occupations,

~ The possibility of infection by foodstuffs is of considersble

epldemiologic intesrest » because it can be ouxwidsred as proved that
in this wey ilindeses affecting groups and regular spidemics mey be
started, .

It vas abown alresdy in 1917 by Atkinson in the observed increase
in Australis of cases of the disease that was later identified as
11:1;0:10.;-, that the diuiu does 2ot slveys have s sporadic nature
in menkind, That wmy similarly apply :ln thq cass of Burn, Tha first
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mse detectious of listericeis were accomplished in the region of.
Halle in 1549-1953 (204), in on spidemic in Jena (326) as well as
in a not more closely defined arem in Czechoslovekia (191),

In the overvhelming mejority of the coses in Halle the uso
of raw milk was revealed ar the source of the infection, Alzo,
sour milk curds snd whipping cream, were considered as possible
transmitting agents,

Causal relationchips betweon increases in cases of listeriosis
among humens and corresponding cases smong uwilk cattle had alreedy
bean suspected since 1938 by Schwidt and Nyfeldt in s small outbresk
in Demmerk of a mild form of the diseese. A few years later Wremby in
Sweden was able to isolate Listeria from the vdder of a cow i1l with
mastitis as well as from the milk itself, Potel had also found the
microorganism in cows milk,

No doubt can thersefter exist that--in sanalogy to the tranmaissicn
of brucellosis~-listeriosis may nlsc be transmitted to manking by menns
of milk containing micrcorganisae. The logical conclusicns this Jyields
for the vsterinery police are obvious (see pege 62),

This is certainly not the only possidbility for a per oral Listeria
infection. Sesliger and Leinewsber havecalled attention to probable links
between listeriosis in fowls and humen cases thereof, Bow the tranmaission
takes place in this case is not known, and also, for sxampls vhather or
not it could be done by infected eggs. In this state of affaeirs it is
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algo to be considered that Listeria-infected ment and gemme might

succesd in causing an infection if used for homen consusption. The
clmesic example of per oral Listeria infections are cases of listerlosis
in newborn, which result frow the swellowing of amniotic fluid
containing the bacteris.

The intestine of the newborn is extremsly permesble and so,
finally, it offers no resistance to the Listeria infection,

To what extent intersediate carriers and if nececsary inteormsdiato
hosts play s role in the spidemiclogy of listerioels is uncertain.

Also the possibility of 2 further spreed by humen sources of
infacticn is not to be indicsted offbend. Mors capsble of being de-
mongtrated ars the transmissionse of the disesse during pregusncy
intrauterinely or during birth to the fetux, An infection of the
mothers milk 1s indeed still not definitely proved, but is quite
plausible. The plmcents and amniotic fluid of women 311 with
listeriosis contain the bacteris somstismes in large guantities,
and also the lochim mey be found to be infected with Listeria.

Each case slso demonstrates the denger that the transmission mey

rasult from the hunds of the persons, for example, who actively

take part in sseisting at births. Because the smniotic fiuid and
placenta according to their appearsnce snd smell often sssm unaffected
and 8180 the nevborn doss mot always Lamediately lock eick, there

mey result further unintentional errors, It is hersby to be remeabered
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that listeriosis and the endengering of the newborn was generally
unknown only a short time ago, Not less endangered are also the
doctors end the mirsing personnel as well as ths relatives, ag e
number of sick and fatal cases teach uga,

Floally 1% should be mentioned that Listeris can cauce
stubborn inflammations of the mucous nembranes, and thus also to
diseases of the genital trsct. Probably infection and reinfection
occur in this way smong married people.

Nothing 1is known as to whether listeriosis can re-emtor
susceptible enimele from humen boings. If nevertheless no proof
yot exists in this direction, it appears that this has not been
exciuded as a possibility,

The pregence of sll the Listeria-types found to date 1n
aninels in husen infections is a certain indication of & multiplicity
of sources of {nfection, which are to be found all over the animsl
kingdom, Until a short time ago the Type 3 strain found by Nyfeldt
in humens made up the only exception, Afterwards on the basis of
ssrological investigations this type presently becamt Imown me
likewise the source of fatasl ovine encephalitis (2423), =so that
there is also here no differences from the other types, Once again
1t should be swphasized that the sorotypes show no ;nm:onces
Pethogmeticslly or epidemiologicelly in either humen beinge or
animals.
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Schemetic synopsis of the epizcotiology
and epidemiology of listeriosis.

Precence in animels (biologic reservoir?)

Wild memmels -
(Rodents, wild) ¢ ? wild birds

R ) 7
\umth‘ or by an intermediate carrier (2/ L
? Tranmaission to domestic animmls? <« 2

,Spontanscus infections of domestic
janimals (biologic raeexrvoir?)

t I
! g Asrogsnously
Coutact
Nilk
Neat
Filth

Humsn infection > Infection of
(sporadically snd epidemically) other pecple

¥
vinfection of preguant women

AN

! S

v g
Infection of the fetus and of newborns.
(intrauterinely, displacentarily, during birth, after birth?)

In sumaing up it seems thet the epidemiology of listeriosis shows
an cxtr(o;aiﬁrily variegated snd complax picture that in meny instances
mist be still more closely investigated. In mexy respects it may be
1ikewise compared to toxoplasmosis which has only been publicized during
the past few years, as my alto be seen from thefarreaching similarities
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in the schematic description of both of these disemses {13,193).

In this simplified pettern the proven as well as the Wthﬂical
extrinsic sources of infection (Doerr, Gotschlich) are clearly compre-
hensible, Intrinsic sources of infection (compare Habs) are still not to
be formulated, because concoraing immmity, carriers of bacteria 5 and
properties of elimination no lucidity yet exists.

A connection betwean listoriosis cases and the tims of the yoar
is not perceptible. Indeed, Hehnefeld and Fisolk have ghowm thersof,
that the cases of listeriosis in premsture birth found by them appeared
prodoninantly in the spring and summer (April to August); but also,
nugercus instances of the disease in the other months came 4o be known

to the sutfmr, 80 that acconuection with the seasons of the yesr is

seemingly improbeble,

S« Iherapy,
Ag in the human medical literature up to the present time the

listeriosis form that runs severely, particularly with CNS involvement,
predominates, it might be comdluded that the untreated disease is
generally fatal. EKaplan in 1945 in a review figured the mortality to
be sbout 70%; which also agreed with the findings in Germany.. These
kinde of reports are however deceptive; because they only concern

the olintcally manifest and becteriologically proved cases. Today

it is recognised that the infection often causes mo clinicel indications
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to appear and relatively often runz s mild course and heels spontansously,

The same is elso being publicized in s few othor infectious
diseases thet have been carefully investigated during the last decade N
in which in the beginning wo suspected a high mortality rate, for
example, in the case of toxoplasmosis, or histoplasmosis, and of
coecldioidomycosis, .

In ench of these diseases at first only the gevere, many times
fatal cases were kuown. lator studies then revealed generally a
Tairly wide distribution end = correspondingly sealler mortality rate
than originally supposed,

A few course-forms of listeriosis meke an exception; the
disesse in newborns and in adults with involvement of the CN3. IDereby
the proguosis iz generally unfavorable, st leest doubtful, Not~
withstanding the fact that such petients ocqsiomlly 8ot well by
spontaneous hesling or with conservative therapy, it has been demongtratod
that only the immediate administration of chemotherspeutic messures is
capeble of preventing the fatal cutcoms..

a) In vitro sensitivity of Listeria-strains:

Humsrous native and foreign scientists heve, gensrally in
conuection with the observation of psrtinent ‘cases, discussed the
bacteriostatic or bectericidal action of chemotherapeutic agents
and antibiotics on strains of IListerin. Insofer as it is s question
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of experimental therapeutic research on animels hers, he referred

to the detalled statements, on pages S8 f£r,

The statements on the in vitro sensitivity of the Listerie
somotimes vary coansidersbly from one ssother, so that it might be
concluded that there are great differences in sensitivity smong the
individual straine. That is, however, not the case, Detectablo
differences do not originate from varying sensitivities of the
microorgenism, but slwost alweys from the different methods of
testing and of test procedurss (157b).

The nature end preperntion of the test substrate, the quantity
inocculated, the age of the culture, the incubeting temperature, and
duration of incubstion, influence the results of the ressarch just
as the test procedures in themselves (determination of the number
of becilli by the plate count, by turbidimetry, the test tube dilution
test, the sgar diffusion method, etc.). Besides, there are the
difforsnces in solubility, stability, concentration, pH range of
optimum activity, and if necessary the rate of diffusion of the
tested madia ms well as its diluent, that mke it possible for the
test resultes to vary, Moehbl.y or inepparently, under seewingly
similar test conditions (#2,52,6&,1]:6,15%,226 and others),

~In the svaluetion of these kinds of results one should naver
meglect the fact that in vitro eavirocoments under artificisl test

Declassified in Part - Sanitized Copy Approved for Release 2013/06/06 : CIA-RDP81-01043R002000110002-1



itized Copy Approved for Release 2013/06/06 : CIA-RDP81-01043R002000110002-1
TRSIRTTITNGT VY RO L e Sy ot 7 I N TR NG T S T e e Uiy Xy M e ST

R S SR e el

~205-

condition in noc way permit definite conclusions on the capacity fox;
action in vivo, A drug that works excellently on a resgent glass
may fail at the sickbed, because it is perhape excreted too quickly
or does not even reach the microorganism. This is particularly
important in the case of bacterin that like the Listeris only
relatively seldos and transitorily appear in the bdlowd streem and
the body fluids, but which however are therefore sble to hide from
the ettacks of the drug for long periocds of time by intracellular
storage in the reticulo-endothelium,

Heanvhile the results of determinations of reeistance in
vitro allow the important declarstions as to whether clinicel activity
meay be considered at all. DBacteria thet are found by the proper
mathods to be resistant in vitro againat therspeuticelly sttaineble
concentrations of the drug under considerstion, do not behave otherwise
in viveo, .

In general, the drug acts in therspsutically feasible doses
only becteriostatically, and is bactericidal only in stronger con;:nn-
trations,

Figure 23. Orowth of L, monoe % under the
influenice of Supromal (1 -

Growth after 4 and 6 days at 22°C; 3, 2, snd 1
day at 37°C; Supronel comtent expressed in mg%.

(abacisss) .
Unit of growth (ordinste) mot given
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Reports on the in vitro inhibiting values in tho case of Listerls

are found in & great nuaber of publications (23,25,26,68,70,73,75,84;
87,96,106,123,171,178,181,18%a,¢, 20,241 ,242¢,253,27h ,285,298,337,340,
341,346,348, and others.).

Linvenmeiar ard Seeligor (157b) founa in the testing of 25
native and foreiga strains of Liateria/uidaly aiffersnt sources snd
of different ages under similar test conditions practicsliy no differences
in sensitivity ageinst the individusl drugs and was able to compute,
after testing the strain by means of all the common test methods, the
following average values for the complete inhibition of growth of
L. won OReNeS

Table 12, GToﬂMbition of 25 strains of listeria

Drug | Bactariostasie dy

Sulfoneuide D 6.25--12.5 ng. %, sometimes 25 mg. %.

Supronal 6.25--12.5 . %

Penicillin (1) 0.3-~0.75 Oxford units per ml,

Streptomyein (1) 1,5-=6.0 gamun per ml. (sometimes primery
revisteance or rises in resistance
wmmtommmm“/porﬂ )

Aureouyein (2)
Terramycin {2)
Chloremphenicol (2)
‘Megnemycin (2)
xmhrmm (3)
Polymyxin B {2)
Pacitracin (2)

0. 3"1.0 gomma pax ml,
0.6-1.25 gamma por ml,
0--3.0 gamma par .
0,18--0.76 gamee per ml.
0.037-~0,15 gemma per mi.
12,0--25.0 gavems per ml.
6,0--12.0 units per mul.

(1) Test matwrisl
(23 Text material Trom the Pfiser Company, New York,
Test matarial from the Schering Compeny, Berlin.

(3

from the Grinenthel Cospany, Stolbers.
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The only moderats sensitivity to ponicillin, which wes first
noted by Foley and others, is not conditioned by intra- or extra-
cellular peniciliinases (345b),

With the proper ressarch techniques which consider the special
significance of the suHMo reaistance determinetion in yitro
{56,64,122,297) a definite inhivitory action of the rulfomsnmide on
the growth of the L. monocytogenes is determined (157b,20%), Heports
resding otherwise are often the result of technical exrors, It is
interesting thereby that the sulfonamide activity is stronger at 37°C,
than at 22°C., and their conclusive effect is detectablo only after
3 days of obserwtion. Plate tests with emmerstion of the growing
colonies are in the case of milfonsmide resistance detarminatiom,

%o be preferred over the test tube dilution tests (gee Teble 13).

Combimatione of drugs wwre also tested for their action sgainst

Listerie, Thereby (157b) it was found thet sulfoneside andfor
supronal and penicillin heve not only sn sdditive, but slso afbotanthting
(synergistic) effect. This sy be cleerly illustrated in thres
dimensional disgrams(Figure 24),

In bactericidal studies in vitrc also was established &
syoergiss between penicillin and streptomycin (Figure 25},
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Teble 13, Sulfonamide activity in vitro cn L.
at 22°C, (Inoculation of 0.3 ml. of 2 dilution of 1'1,000,000
per plate) (157b).
Reading after Kumbar of colonies growing deily with sulfonanide
days i concentrstions in mg %
|

50 25 125 625 31 1.5

- 45 0
32 20 2

!
f

25 - -

- - -

Total colomies ‘ 5T 65 %

Figure 24, GSynergy of action of gantrisin and cillin
on L, monocytogenes (after 157b). (see pege 99

Figure 25, Bactericidal curve for L. mouogrtgenss vith
the action of penicillin, streptomycin, and s comdination
of both drugs, according to (157b). (mee psge 100)

b) Fesulte of - chemotherapy.

From critical evsluation of the in vitro inhibition values it
may be concluded thet drugs euch as bacitracin and polymyxian B do not
need to be considered in the question of the therapy of iisteriosis,
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Results with penicillin or streptomycin alone yield hardly

any promise. This has alsc been demonstrated in practice., In a
cage of Iisteria meningitis however a partiol improvement wms
achieved, insofar as by the intramuscular and intralumbar
administered penicillin therapy the meningitis was healed clinicelly,
but the ool culture wes still positive b2 dsys later (319).

With sulfonamides and pulfa supplementary combinetions, as
for cxample Supronalum, ons mey on the contrary expsct better resulis
end likewise with combinations of these druge with perkillin,

The suthor snd Leinaweber obssgved after tbs adnim:tmtim’; of
1 miliion units of penicillin and 4 wg. of Supronalum per day the
healing, after 4 days, of s severe Listeria meningitis case in the
seventh month of pregnancy. Om the contrery a case of a 15 year
old youth ressined without results after the sdministretion of 7 gm.
of sulfediszine and 800,000 units of penicillin, but wes later cursd
with terramycin (23). Also the combined use of pemicillin (100,000
Oxford units every 6 hours intrsmuscularly) dihydrostreptomycin
(30 mg. every 6 bours intramsscularly) chloromycetin:(50 mg. svery 6
hours) end sulfediszine (0.1l g as an initial dowse, followed by 0.06 g
svery 6 hours) in newborns remained without results, but were finelly
healed vith the tetrecyclines (156b). But svan the highest doses
of sulfonamides together with penfciliin could not changs the fatal
course of & case that was brought in when moribund {163). On the
contrary quick heeling resulted in s 10-day old infant with Listeris
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meningitis after the adminietretion of ponicillin (8 times 8,000:0xforg
unite daily over a pericd of 8 doys) and mlfedinzine (600 mg. for

3 days, 1200 mg, 4 daye). It wos a quegtion--ss wo lateér foun;i--of

a defective cure with the development of g hydrocephalus (274).

In individual instences it was difficult or almost imoseible
to say whether the healing z‘esult;d in fact from the mction of the
combinstion, For example in the last cage mentionsd the quantity
of penicillia given is practically inactive in listeriosis, while tha
sulfadisxine dossge alons could have been sufficient,

Alsc the combination of penicillin with streptomycin wag
investigated,

By the use of both drugs {100,000 Oxford wmits of peniciliin
intrelusberly, 300,000 Oxford units of penieillin intramuscularly
(aa1ly?) for 3 days and streptomgyoin intraluberly 25 g (du1ly?)
for 7 dsys plus 1 gu, in & doses daily intramuscularly for 10 deys)
Listeris-meningitis was successfully cured in a 2 1/2 year old childs
in two other patients the treataent regimen failed because of primary
stroptomycin-resistance (2k1),

It 18 not out of the question that in a few of the cases
quoted the treatment resained without Terulis becaurs the GD“
was not high encugh, This suspicion applies sbove all to the apperent
failures of sulforamides. Numerous clinical observations from the

“ pre-antibiotic ors (ses table 13) have Proved the value of sulfonamide
therapy in humen listeriosis. 7To their Rccount is credited 8 definite

! - : - 00110002-1
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diminmution of lethelity of severe illnesses, especinlly listeriosis
of the CRS,

No drug ylelds a therspeutic result if that drug is given
to late, if the drug is unable to reech the aicroorganisa, or if
too small & dosege is used. Therefore sulfonemide therapy promises
good results in listeriosis only if it is adwinistered early and
in lorge doses, In order to obtain a high blood lsvel, the treet-
ment is begun intravemously then in the menner of a combative therapy
is given for mmny deys per orally or intravenously in a szimilar
fashion, whereby the dossge hes been calculated according to body
weight and gensral condition. In no cass should the treatment be
stopped too soon., If no improvement appears, at the latest, sfior
24 hours, it is hardly to be sxpsctsd thet the infaction will
respond to the prepsration being administered, In such cases the
addition of or subsequent use of antibiotics leads repestedly to
a cure,

In the chemotherupy of listeriosis the Iisteria-active
antibiotics of the tetracycline group (sureomycin, terremycin,
tetracyn, and achromycin) should be designated as the drugs of
choice because of their good compatibility, swift resorption,
and their outstanding inhibitive activity against the bacilli
thet are to be reckoned with,
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Thess drugs are generslly given for many days per orslly.

Ths dosage regimen is calculated nccording to body weight and age.
In adults the daily dosage amounts to 1-2 gu., divided into & to
8 individusl doses st regular 'mte;-vnln in children correspondingly
lees.

A 15 yesar 0ld Negro youth with peurolisteriosis was healed
by the dally administration of 2 gm, of terramycin, after the other
druge (Tsble 13) bad previcusly been found useless (23). ~=Aursosycin
was active under the following dosage regimsn in & 10-day-o0ld infent:
100 mg. initial dose; followed by 50 mg. every 3 hours; afier 6 days
adiminution of the dosage to half this quantity for further 1k dsys
(1%6a), The preparation nawed above WS also used, in this cass
(without visible effect). In a similar fashion (by 50 mg. chloromycetin,
50 mg. terramycin, and 50 mg, sureomycin, every 6 hours for 1k days,
surecmycin for s further 8 duys), s premsturely born infant with
1isteriosis was cured (156b). Inmild subclinical cases during
pregnancy and childbood 1-2 gm. sureonycin or terramycin for 3-5 daya
wvas sufficient for a cure (307,311,312). =~Pohlmann snd Bosss recently
reported on outstanding therapeutic rasults in the treatment of

Listeris-meningitis in sdults with terramycin (301,346).

Chloromycetin has also genarslly proved good. Thus a case of

Listeris meningitis in an sdult that had not responded to streptomycin
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therapy was cured only after additional chloromycetin therapy (32).
In other cases (see above and Table 13) & definite activity was

however not detectabls. The drug is especially recomnended by

Flamm cited above (73) becsuse it pesces eanily through the blood
\‘n

fluid berrier.

On the value of the new prepsratione erythromyein and
magnamycin there are still no clinical xeports.

The worst therapsutic results to date wers observed in nsw-
borns wherein penicillin, or in other instances smtiblotics with
sulfonemides, proved almost useless, Martinek (3}.6) saw, to be
sure, the cure of an infected newborn with the use of penicillin
therapy alons, It was recently found that the clinically manifaet
disesss could be curtailed by aureceycin (95) but in s further
cage of the same authors aursomycin and also sulfoneamide remeined
without effect, Appsrently in infactions resulting intrauterinaly
only the strongest medications, thet muet be given Lmeedintely on
the merest suspicions (of listeriosis being present), (sse Rerly
Therapy under the next section), will have a lifesaving action,

The chronic, protracted listerioses of the CNS ars on the
contrary sasisr to control with chemotherapeutic ?nd sxtiblotie:
drugs. With simultansous insulin shock therspy cases diagaosed
by the Russian suthors as Listeris psychoses showed considerable
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improvement. after lengthy treatment with panicillin, gramicidin,
streptocid, and sulfonamides, sc that the patients were sble to
leave the hospital, The serum titer diminighed with the therapy,
Lang (312) saw, too, in children 111 with listeriosis with mentsl
demege a return to normal of the findings after aursomycin therapy,

It is unconditionally hecessary that antibdiotic therapy is
not discontinued to soon, The concentrations ‘therapeuticslly
attainable sct ag & rule only becteriostatically, and the affected
organism must itself take over the ultimets extinction of the gorms,
As already ssid, the partisl intracellular deposition of the bacillt
or their capsulation in granviomats may well prevent an affective
concentration of the drug at the site of the infection. It is
certain, nevertheless that the blood-spinel fluld barrier is easily
pessed by all the drugs specified.

Too short a durstion of therapy Fesults in the appesrance-
of relapses after aureomycin as well ag after terramycin therapy
(23,308), The cese described by Beanett, et al. appearsd anew after
terramycin, Similar to the not seldom occurrﬁ:g typhus relapses \
after chloromycetin was thus the reappesrance of- the activity of
the infection mot conditioned by incressed resistance. The administration
of entibiotics should continue for at least 10 days after clinical
cure (although at helf doses). Unfortunately this indispsnssble

: - ) 0002-1
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extension of the antibiotic therapy commonly results in complica-

tions such es diarrbees, mycoses, and infections by resistant hncferia.

Besides chemotherepy additional methods must be used according
to the nature of the cases (circulatory trestments » lumber puncture,
liver injection therapy, O supplement, etc.) to their fullest extent.

Local infections of the conjunctiva and the throat may be
treated locally also in addition to the genersl therspy which must
never be neglected, Silver prepsrations bave proved effective in the
form of sys drope in an infection that occurred during labor (5);
also a 30% albucid solution, 10% streptoocid salve, and 5% xeroform
galve was proved good (196). Concerning local antibictic thersdy
in the throat one should be held back however becauss secondery
dsmsge by the alteration of the bacteria snd fungsl flora are not
avoidable,

Table 13 gives a review of the results, up to the present, of
treatment of listeriosis with sulfonmaides and antibiotics:
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Table 13. FReview of the present chemotherapeutic and/or antibiotic:
treated humen Listeria infections {only becteriologicslly proved cages)
(concluded October 1954)

i Year Clinical
1published picture Age Therapy Resulte | Authors

11937 meningitis Prontosil cured | Porzecanski &
: de Baygorria
|11939 meningitis sulfenilamide cured Wagner &

|

11940

|
|

Porter
’moningo- sulfepyridine cured Savino
11941
i 1943

jencephalitis
meningitis sulfapyridine cured Eapsenberg
maningitis Solu-Dagsnan Barvier, st al.
; mononucleosis sulfapyridine cured Webh
‘19!;6 ningitis sulfadiazine & HBandelmann
i peniciliin
|19%7 Imaningitis sulfonamide & Martin, et al,

’ ningitis

ueningitis Sedallisn, ot al,
streptosycin
typhoid-like penicillin &
picture,pleuritis streptomycin
conjunctivitis sulfathiszole, Beute, ot al,
sulfadisxine,

then irgafen
Luningit-is penieillin, bured Van Driest
. sulfadiazine :

mingitis 1 day sulfediagine, cured Sloofe
therealter -
penicillin
ular swell- sulfadiszine cured Felsenfreld
ings, high Tever
itis peniciliin, cured Myers
i.m, & 1.1,
meningitis sulfediezine, cured ?orry

penicillin,
atreptomycin
meningitis sulfsdiaxine,
dikydrostreptomycin,
penicillin
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. (tedle 13 continued)

1

mningitis

polyseroeitis,
septioc
gramulomatoses
weningitis

meningitis

bronchopneumonia,
meningitis
meningitis with
Telapse

typical previous
history of the:
mother with
listeriosis,
detection in the
weconium

meningitis

sulfadiszine,
streptonycin,
peaicliiin, )
chlorasphanicol, -
finally sureomycin
aristamide
streptomycin
Conteben
Supromel,
pentolillin
Sll.?mml,
streptomycin,
penicillin
penicillin
streptomycin
sulfadiagine,
penicillin,
chloromycetin
since inmctive:
torramycin
panicillin

Supronel

Seeliger, et al.

Seeliger &
Leinsweber

Hein

Udegeard, et sl.

Bennatt, et al.,

Potel (323)

Line & Appleton

Tompking

Winkler, st al.
Habnefeld & Hisolk
Hahnefeld & Hisolk
Hahnefeld & Nisolk
Babnef®ld & Nisolk
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' {table 13 tontinued)

| 1953 meningitis

meningitis
meningitis
endocarditis

meningitis
elinically
asyuptomatic
meningitis

granulommtosis
infantiseptica
meningitis,
pneumonitis

P T ™ V™

weningitis
!
i

' 1953 /54 peningitis

|
|
1
|
i
i
|
V

> —gE pia

atreptomycin,
chloromycetin
sureonycin,
then relapse
penioiliYin &
Supronal -
Supronsl

supracillin
eureomycin

streptomycin
and sulfonamide
penicillin

eulfadiszine,
sulfisoxazole,
penicillin,
straptomycin,
aurecmycin
sulfadiazine,
penicillin,
streptomycin,
aursomycin
terramycin, in
three cases,

3-T2 gm, of
sulfanilpyramide or
Supronel, sometimes
alsc combined with

penicillin,

g e eyt

o -

L oEE a0 e e B TR SRR,

B,indor,_" et al.
Gray (308)
Flamm, et al,
Hoffwarm (309) and
Halvriick (333)
Krlger (310)
Myers (319)

Baer (299)
Martinek (316)

Finegold, et al.

Finsgold, et al.

Pohlmann &
Bosse (301 snd 346)

{1) Defective healing with hydrocepbalus,

(3) Cure not traceable to ths drug used.
gh Valvulsr defects.
5’) With residusl ptosis,

(2§ Iisd after a few months from hydrocephalus.
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6. Activities of public health authorities and prophylaxis_,

Today the ever rising frequency of listeriosis in humen beings
and the faot that the course ig not seldom unfavorable leads to
speculations as to whether an effective prophylaxis iz possible.
The haphazardness of our knowledge concerning the distribution and
cpideniology unfortunately makes 1t etill very difficult at this
time to formulats muitabls protective mensures because the supposed
existence of an active connsction with the transmission of listeriosis
to humens will first require s carveful investigation of the infection
in animal herds. Only when the sources of infection are knowm,
will one be sble %o dininish the preveiling trensmission to man or
perhaps extirely prn"ent it. :

Tor this purpose the branches of the public health service
must cooperste closely with the Yoterinary health offices and autvally
report oti confirmed instances in men and in animmls, Just ex in
tularemia and in brucsllocis + lately aleo in leptospiroses 5 the

JPormenent registration of proved ceses may well be mvotdtbl;.

Accordingly, the legal provisions of the dscree of the Reich%ni;tora
of the Interior for the fight sgainst coutagious diremses of Decewber 1,
1938 must: be brosdensd,

According to the evideuce, professional assoclation with animels
brings an increased danger of infection into Play (compare Chapter B-6).
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This epplies also to any case in vhich animels live in the household
with peoplo, perticularly to the raising of dogs snd cats. Parallels
to other zoonoses, for example, brucelloses snd toxoplasmosis, are
unnistakeable,

Becguse there is today no active vaccination, we must for the
presont in prophylaxis be content with general hygienic--sanitary
moagures. The meintenance of snimals should, also for other reasons,
be reduced to a minimm, Spocial precautions are necded if animal:
keapers, caretakers, and veterinsrians must profassionally have to deal
with sick animels, also slaughterers, workers in flmying houses, and
soep factories, in which snimel carcases ara used, msiwell as those who
follow agricultursl occupetions belong to the endangsrsd group of
persong, Explanations and schisvewent of increnszed cleenlinesxs as
well as instruction about measures for disinfection that are easily
carried out may form, perticulerly for the rural populstion, the best
prophylaxis,

In case of too great an increace in the mumber of rats, wice, stc.,
the ont‘pre-k of a serier of eplrootics must be reckoned with, thet mey
be transmitted to men. As already explained, listericsis alsc belongs

here. This bgéms obvious in the case of the rapseted reports of its
presence in the Bast. Systemstic rodemt coutrol 1s thereby sleo to be
seen a8 2 weapon in the fight against listeriosis.

Declassified in Part - Sanitized Copy Approved for Release 2013/06/06 : CIA-RDP81-01043R002000110002-1



Declassified in Part - Sanitized Copy Approved for Release 2013/06/06 : CIA-RDP81-01043R002000110002-1

=P TN TR RS I RTINS Y ¥ RIS ¢ 8 TR e

N U

291~

The designated role of infected foodstuffs especially of

rav milk, perhaps also of meat end game, mekes it necessary to )
broaden control measures in thess directions snd to gharpen them

too (compare Chapter B-£), The use of raw milk snd its products

is to be avoided in any cese if it does not origimete from herds

that are certified az free from listerioceis, The Judging as to
vhether an animel is latently infected or whether it suffers frow

an stypical form of listeriosie is, however, not simple. The most
certain measurs for preventing the transaission of listericsis by
milk is--anmlogous to bovine tubsrculosis and brucellosis--appropriste
pasteurization (highheating).

The danger to the fatus and to the nevborn ss a Tesult of &
Listerias-infection during pregoancy that was first published during
recent years motivates the necessity for taking a closer look &t
prophylaxis in this connection. The widespread total ignorsnce of
the fact that the disemse iz transmitted by direct contact with
animals, their excrements, snd perbaps also indirectly from (by meens
of) dust, dirt or filth infection, to men, and in cése of preguancy
in which only mild clinicel symptoms are manifest by the mother, may
lead to sbortion and stillbirth, must immedistely be done swey with
by appropriste instruction. Ibe country doctors, but slsc the midwives
and fewelecaides ae they ars many times tbe only advisors the women
of the farms have, here have a grest duty to fulfill, but one that will
be rich in results, During pregaency, contact with animels aud the
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use of raw milk and ite products should bo svoided as far as
possible (15Ta),

Rolapeing inflamsetions of the pelvis of the kidneys, grippe-~
like infections with chills, etc., may be the only indications of
a listerials in ptoz—n-ney; and oven infections that appear to be
banal should never be dlccounted as wisportsnt in advising the
gravida, since one today knovs that smong these kxinds of diseases

a geries of infectious disesses mey hide that may cause injury

t& the fetus. For listeriosis these things sre mom favorably

stoted than for toxuplasmosis; eince one mdy not only detect the
infection bacteriologically or sercdiagnostically but can algo
definitely cure it. In cumse of basic suspicione of listerioels
during pregoancy medicasentous therapy forms the woet efficient
means of protection for the fetus,

Thus a petient with purulent Listéris meningitis in the
seventh month of ber pregnancy was cured by combined supronal-~
penicillin therspy sund was enebled by t& wesklong penicillin--
suprone). treatment to go to term and give birth to & healthy child
{2h2n).

Recently, observations of sercdiagoostically confirmed cases
of listeriosis during pregmncy at the University Meternity Clinic
bers have shown that the infection msy also be conquered by short-berm
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aurecaycin therapy. The result shows in all cazes a drop of the
agglutination titer, meny times tho complement £ixntion reactions,
also becoms negative, or in & drop in complement fixing titer and
in the birth of healtby infants,

FTinally we chould be reminded thet in the field of general
prevention of infections in obstetric wards etc,, listeriosis:
must sleo be considered, The frequent infection of the amniotic
£luid as well as the massive discharge of the microorganism in the
meconium results in danger to the midwife, the aldes, and last but
ot loast to the infnt being born healthy, In this ssuse pertape
certain other groups in the hospitel sre concelvsbly in danger, if,
at the same time, thare is yet no direct evidence for it,

Meanvhile it is noteworthy that direases in nursing personnel
and doctors, sometimes with fatal outcomes, do ocour, In a hogpitul
for newborn infsnts in the USA 1istoriosis occurred in the infsnis
of two women who were in the ssme room, and used the seme bath (1568 ).
Also the cases of Burn srose in psrt from s bespital within a short
space of time, According to Atkingon five children took sick in 13
days ¥ith a meningitis thet wes suspscted as being due to Listeria,
4 of which were fatal (281a).

By immediate esrly M-py or chemoprophylaxis the endangered

newsorn say slso be rrotected or cured.
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Hereon 1t was reported (191) that the twin of n newborn that.
died of listeriosis remeined alive with penicilliin--streptomycin therspy..
Combinations of penicillin with Supronal fulfilled the same purpose in
two instances in which listeriosis was proved or was given on the
bosis of findings in the mother (63). The congquest takes'place swiftly
by the action of the antibiotics of the tetracycline group, aurecuycin,
terramycin, achromycin, and tetracyn.

In individuel instances one may not slwaye be able to decide
whether an infection 1s precent at all, By the looks of things it is
however pencerally poseible to decide this, according to the published
cages, Accordingly, the medicamentous px:ap&laxis was csrried cut
‘for therspy in the edrliest stages of the dissmse or to heal a clinically
latent listeriosis.

How haphazerd our knowledge still iz of the transmission and
thersfrom of the prevention despite sll the publications, msy be
illustrated by one cbservation of Patocka (322). The newborn of e
female doctor, vho denied any iilnees during pregnancy, snd wes quite
conversant with the problam of listeriosis, died a Pew deys after
birth from listeriosis though the mother hed a short stay in childbed
with no complications, This case shows clearly and precisely how
aifficult an sctive prophylaxis mey occasionally be.
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Conclusions,

Just like other zoonoses, listeriosis is tranamissible to
mankind, The gource of infectiocn is s blind alley, that is, as s
rule it occurs in man as a further expension. The transmission
results wost often from direct contact with sick animals or their
excrements s further from the use of nutrieats containing micro-
organisme, and from the inhelation of infected dust. In meny
cases however the source of infection and 1ts pathwey remain in
the dark., It mey be shown that there is increased danger to =1l
persons who work directly or indirectly with snimmls and handle their
rew products. Among the definite hypotheses is included the
possibility of an occupational infection,

The listeriosis manifepts itcelf in men ar & varying, manysided
group of clinical phenomens, that may sasily be confused with direases
from other sources. The clinicel symptometology imcludes grippe-like
infections, sore throat with septic glandu}nr involvement, snd moncoytosis,
mors or lees severe septic generalized infections with predominantly
liver involvement, further diseeses of the (NS, besides localized
mucossl inflammetioms. Pathologic-anetomically the listeriosis is
characterized by granulomstous changes in the affected organs.

All sge groups were affected, particularly often however newborns
and infents. Clinically inappareat infection in Dpregnant women lesd
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diaplacentarily to sn intreuterine septic disense of the fetus and

with subsequent abortion or at11lbirth or to infenta barely nlive ~

at birth with intra partums infections., The infection can also result
from the cwallowing of amnictic fluid containing bacteria. The lack

of resistance of the tissues, particularly of the digestive tract,
focilitates the pessege of tho bacteria into the fetal body. Involvement
of the ClS often presages a fatal outcome. Listeriosis is doubtlessly
the source of fetal damsge, eborticns and stillbirths more frequently
then is at present perceived,

Listeriosis in newborns Jjust ss the listerioses of the CNS In
older persons is charged with o mortality rate of sbout T0%. Otherwise
the course of listeriosis iz generally favorsble; infections occur
that are clinically saymptometic in men.

Chemotherspy with sulfonsmides snd lately with the antibiotics

of the tetracycline group have gqgsidnmbly diminished the mortality

also in tths, A relapses occur, it is neceésery-to

provide sarly therapy, = meximm dosage, and & sufficiently long period

of treatment. ‘
Propwhctic measures consist, in consideration of the lack of

active immmisstion, of & gonersl improvement of the hygienic and

sanitary conditions, perticularly of inteneified regulation of raw

products of animale that are used for humen consumption, snd of the
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instruction of the persons endangered. In case of the suspicion
of listeriosis in preguoncy prophylactic medication with antibiotica

is indicated. .
A dieagnoeis of listericsie by clinical means alone is not

possible at the present state of cur knowledge,
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D. Bacteriologic snd serologic diegnosis of listeriosis, ...

With the many-sided symptomatology, the dlagnosis of listeriosis
by clinical means only is not possible in men or in animals, The
symptomatic phencmena under which the disease appeers. are too
numerocus, and in any case other bacteria /égfl could alsoc cause the
same gymptoms, ’

Disgnosis during life stands or falls with the direct detection
of L., monocytogenes and is definitely established only bacteriologically.
Therefore the detection of the microorganisa must be attempted in every
cags, whereupon all the tools of modern bq%toriology are involved; The
etiologic diagnosis memkes possible the assumption of an appropriate
therapy and thereby many times is lifesaving,

Cultursl methods 4o not always lead to the goal. In such cases
indirect methods of detection may permit valuable conclusions. Bacteriologic
and gerodisgnostic methods of investigation apply to the diagnosis of
listeriosis in suitable fashion and should be c;nied out in perallel
if possible.

Also postmortem an exsct disgnosis is possible only in connection
with bacteriologic investigations, since tissue changes that are
pethological-anmtomically identical or at leest quite similar mmy be
caused by various noxs and bacteria, and the individuslity of the
morphologic changes do not unequivocally indicate the individuality
of the shaping process.
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1. Material for investigation,

Just as the clinical symptomatology is variable » 80 the
materiel for investigation from which the microorganiem may be
isolated im also variable, Which material is most suitable in
individusl instances usually depends upon the clinical picture and
the organs afflicted,

In early stages of thes septic infection, during its course, and
towards the end, also in clmicuily unclear febrile diseases,
mononucleosss, snd so on, the blood cultures » repeated if necessary,
offer the best possibility for detecting the bacteria., In blood drawn
sterilely, best obtained by means of & Liquoid-Vemule » the bacteria
may be maintained for a month with slow multiplication (314),

Assuming sterile excision or puncture, the Listeria may also
be sought during life from glanie and by liver puncture (biopsy).
Corresponding investigations appeer indicated in each case,

Promising, and in individual instances complementing the
blood culture, is culture study of ths bone marrow (sternal puncture)
(319). )

Isolation of the bacilli is frequently successful from the
cersbrospinel fluid, the ventricular and cisternsl fluid, not only
in disseminated listeriosis of the CNS, but even in mild meningeal
irritation syndromes or a predominantly septic picture.
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In cases in which diphtheris is suspacted, scrapings froz:n
ths involved noses, throats, and 1f necessary conjunctivas ghould
bs specially investigated for Listeris.'

This applies similarly in conjunotivitis, urethritis, otitis, etc,

In case of suspicion of listeriosis of newborns the investigation
of the umbilical blood, the amniotic fluid, end particularly the
meconium sllows valuable conclusions (20%), 1r naceseary, culture
studies must be extended to the Dlacenta and the lochia, Vaginal
scrapings and urine investigations ante- and post-partum likewise
yield postive results.

Investigation of the mother's milk is also to be recommended,

In the investigation of autopsy material the detection of the
microorganism gensrally succeeds from the liver, spleen, glands,
adrenals, heart muscles, brain, medulla and lungs according to the
orgen predominantly afflicted, Neturally i£ is possible also with
8 whole series of other tissues. In aborted fetuses of cows and
sheep Listeria may repesatedly be detected in the abomasus, in gravid
animals in the uterus, the adnexa, and usually also in the milk
glands.

The published examples relate in generslly similar fashion

to ressarch material in sniwals sand men, With the exception of
only & fev cases (186e) the detection of the microorganism in animals
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took place only post nortem, whereby three basic types were established:
a) involvement of the visceral organs; b) involvement of the CNS; and c)
combined involvement of the viscera and the CNS (186a). In hmen
infections the detection of the bacteria 1s conducted ﬁth increasing
frequency during life,

Also the bacteriologic control of certain animal foodstuffs
(unpasteurized cows- and goats~-milk, meat, eggs) is indicated.

Bacteriologic investigation of semen 1s also to be considered
for the purpose of avoiding infections duz;ing breeding,

As the most propitious time for mv;stigation or for taking
the material the early stages of listeriods are to be #0 considered
when the microorganism is still circulating in the blood stream,
The detectable involvement of the reticuloandothelial system and
intracellular growth of bacteria in more protracted duratioms of the
1llness indicate the begimning of a considersble difficulty in the
possibility of cultural detection, and find their parallel in brucellosis.
However, cultural studies are alsoc of prouise in other stages of the
dipease particularly during the course of purulent inflammations of
the tonsils, meninges, conjunctiva, etc, With the slightest suspicion
of the disemse in the newborn the detection of the bacteria, should be
sought in each cese in all sveilable material; snd above all slse the
investigation of the meconium should not be overlooked,
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To avoid secondary contamination the ususl precautions are
to be observed in transferrals. An overgrowth by companion bacteria
mey be avoided by the quickest possible working up of the materials,

If this is not possible, it is recommended that the material
be kept cool, vwhereby even a certain concentration may be achiaved
(so@'p. 113) or quickly frozen and kept in a deep freeze at -25 to
~70°C., until the investigation can be conducted,

2. Bacterioscopic investigation,

Only in the fewest cases is » bectoriologic—-nicro-copic dlagnosis
of the suspicions possible, The performance of gran-staining is
Dresumed. The suspicion of Listeris infection may in case of typical
morphology and staining ability of the bacteria only be menifested in
the kind of research meterial on hand that is normally free of bacteria
(spinal fluid, fiuid obtained by an exploratory puncture (biopsy)) or
1s at least poor in bacteria (meconium),

There are gram-positive becilli in the spinal fluid, distributed
extra- and intra-cellularly, together with leukocytes and above all
mononuclear elements which are suspicious in the highest doéroo. Pigure
20 shows a typical picture.

Not seldom, however, thers is conrus‘ion with streptococei oy
pueumococcl, resulting from the coccoid appesrance of the bacteria and
the relatively frequent formetion of short chains. In case longer
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bacilli are present ons has also taken them for diphtheris bacilli, -
The constant lack of polar bodies and club forms in the case of Listeris

is however an important point of differentiation.

e

Figures 26 and 27, Normel and Listeris-containing meconium
in smear preparation (with permission of Potel). Gram stain,
Enlarged 800 times.
The meconium of newborns 111 with listeriosis often contains
the microorgsnism in great nmuabers. The abundant presence of gram-positive
bacilll is indeed no definite proof of a Listeria infection, but is an
important indication that should be made known without further ado to
every maternity hospital and every practicing physician.
Worthy of recommendation is the performence of. a hanging drop
test for the detection of bacteria » and algo for the proof of motility
in liquid study materials whereby the suspected Adiagnosis may be confirmed,
In every case however the grau-staining must be performed previous
to or in comnnection with the inspsction of the native preparations,
In histologic sections of afflicted organs, one finds the Listeria
8s individual gram-positive bacilli and also deposited in nests, They
mey be exhibited aléo with different methods of staining (see p. 5) and
take a silver stain, In comction with typlcal tissue changes their

presence confirms the suspected disgnosis of a Listeria infection.

Bacterioscopic preparations from the nose; throet » urethra, urster,
from the conjunstiva, the urinary sediment, and sbdola. (excluding mecontum)
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are not of valus in aifferential dimgnosis, because in this material

the presence, normelly, of gran-positive bacilli is already to be

reckonsd with, thab, on the basis of their staining capacity, morphology

and arrangements, can not be differentiated definitely from the
Tisteria (perticularly lacto- and acido-bacteria).
3, Methods of Culture.

As long as the bacteris are present sbundantly and in pure culture
in the research material, their culture offers no specisl difficulties,
because they are relatively undemanding, They thrive well on grape-
sugar, blood- or serum-sgar and multiply in meat broth and Tarozzi
bouilllon. Tryptose-agar is also outstandingly sultable for their
culture.

Blood cultures mads in the usual way (plate molds, inoculation
in 1iquid media, aerobic and anaerobioc incubation). The observation
tims should cover at least 12 days. Interim readings after seeding
on blood- and tryptose-ager made on the 2nd, hth, Tth, and 12th day.

Other liquid materisl for investigation 1is centrifuged for
15 minutes at 3000 revolutions in order to concentrate the bacteris.
The sediment is, after use of part of it for meking object-glass
gmsars, spreed on the surface of blood-egar or one of the named
substrates, and pertly for inoculation into liquid medis, A smell

quantity should be kept in the refrigerator for further study. All
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inoculated media were incubeted aerobically, occasionally in the
precence of a 5-10 percent COp atmopphere for a total of 3 days at
36-37°C. and observed every 24 hours. From the liquid media which
show a cloudiness subculbures may be made on solid media.

Meconium is worked up directly without any other previous
preparation, Listeria do not grow on the special media for culture
of Entercbacteriaceae,

Many report difficulties in the culture from tissues, such
as bite of organs from blopsy specimens, resacted material, etc.

In order to avoid contamination the specimen must be obtained,
according to rules of the trade, under sterlle conditions (with the
use of sterile precautions). The materisl for investigation is
taken from the interior after singeing ths outer surface, The
bacilli do not always grow on solid wedis. Preliminary cultures in
1iver and in tryptose-bouillon give better results; thioglycollate-
dextrose-bouillon (298) mlso renders autstandiné service,

Brain pulp is inoculated directly on the surface of the solid
mediz and into liguid media.

The microorganisms do not {ufiltrate the tiesues evenly and
are partly deposited intracellularly also. The extraction of mmterisl
from bits of organs with the platinu wire locp is thereby undertaken with

cansiderable chance, that could be largely avoided if the tissue material
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1s basically homogenized before the inoculation, This is done by
pulverizing or mechanically by memns of tissue grinders,

The more material is investigated, the greater usually is the
yield. In spite of all pracautions, howsver, the culture yet is not
always successful, This may partly be traced back to the pragence
of inhibitive substances in the research material itself, but has
its cause more often, however, in that in the begimning too few
bacteria were present (blood, brain, medulla, etec,),

Therefore the individusl authors employ the blologic investigation,
vhereby suspected material is inoculated into susceptible animels and
the detection of the bacteria 1is then carried out from the organse,

Thue Bilibin was able to obtain Listerim in pure culture from
the organs of guinea plgs that had becn infected with the venous blood
of his patient, although the direct cultures remsined without resulty,

Naturally the research animals themselves must be definitely
free from the disease or the microorganisms,

Olson and coworkers have on tha contrary determined in a
distinguished series of studies, that the detection of the microorganism

by inoculation of mice was less successful than Preliminary culture
in liquid medis and seeding on tryptose-agar (864).

In 1% preparations, Listeria were cultured 25 timee on tryptose
bouillont, but only nine times from artificially infacted mice. In no

: - 0002-1
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cese vas mouse inoculation Successful when the direct cultur:e did
not grow, Perhsps the Pooreryleld of the mouse passages results
from natursl resistance of the research animals, which enable

them successfully to overcome infoctions in mme1i doses,

It may be concluded that direct culture mothods are the
means of choice, assuming suitable pracessing and use of the best
medis,

Meanwhile the difficultles of culture with amall mumbers
of bacteria ars not fully excluded, Gray and others report on thig
that cultures grow only in a third of the histopathologically proved
cases. Through the use of g simple method of enriching thew, the
culture yields may increace considerably, Gray, Stafseth, Thorp,
Sholl, and Riley hereby meke uge of the ability or Listeris, that
¥as confirmed by numserous investigationa, to grow at low temperatureg
(87a).

A part of the research materials were imnediately Procegsed
in the menner mentioned, the Temainder was kept in a refrigerator
at 2-5°C. for a few weeks to b months, at intervals of 2 weeks a
small quantity was #gain renewed on blood- or tryptose-agar or
;lnocul.j:od into liquid medis,

The results wers manitested by s steedy increass in the mmber
of growing Listeria coloniss, In ® control experiment the Americen’
authors found in materisl that ylelded ruult's‘ that were in the
beginning negative already after 10 days 220, after a further 8 days
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exactly 1400 Listeria colonies, )

The successful incremse in cultural Ylelds in this manner is
considerable; it amounts to 30% (314) and sometimes even to 95%!

Cultural investigations of research material that normally
containg bacteria such as stools, milk, throat swebs, lochia, etc.,
are many times negative, because the concowitant flora overgrows
the slower growing Listeris, Possibly bacterial ;ntagonims also
play a role, In many cmses here the culture on blood or tryptose
agar in a refrigerator at 2-4°C, is successful,

Generally under these conditions saprophytes, e.g,, the
Proteus bacteria and the Enterococci, also multiply,

The selective media for Listeris has not been found to date,
The use of sodivm azide (KaCONB) in concentrations of 0,03-0.2%

yielded no profit (87b)., The same muthors found however that
Potassium tellurite even at concentrations of 0,1% etill permitted
growth of L, monocytogenes strains, In the Presence of 0.05% of
potassium tellurite the bacteris grow unhindered because of the

similtaneous inhibition of grom-nogative bacilli. Micro- and
strepto~cocci generally multiply also at thig concentratioﬁ.
With the use of a meat broth bouillon with the addition of
0.05% potassium tellurite Gray and coworkers achieved good resgults.
After 2k hours of preliminary culture inoculated tryptose-
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agar plates showed wany times a growth of Listeris in pure culture,
even if artificially infacted meterial such as straw, stools, nasal
scrapings, etc., wers investigated. It was gonerally assumed that
not too many cocci were present in the beginning,

This important finding wms repestodly confirmed. With the
tellurite-~--containing medium that was quickly adopted by us we found
that the Clauberg--agar in the modification of Herrmenm wag good
for the selective cultivation of Listeris, The suthors could, in
this manner, cultivate the bacteris from highly impure necropey
material even after 5 months, Schabinsk! was succeseful in cultivating
a Listeria strain from throat swabs by using the tellurite plates
according to Schroer.

Lately however it mas been demonstrated that a faw strains of
Listeria do not tolerate 0.05% potassium tellurite (186d).

Crystal violet is not suitabie for the uole@ive culture of
L. _monocytogenes sven at low concentrations. '

According to Shimixu and others, on the contrary, media
containing guanofuracin (5~n1tro-2-furmry11dim-minosuanidim-
hydrochloride) bave proved good. The concentration amounts to 1:12,000
in dextross bouillon as an enriched mediue and 1:10,000 1in 5% sheep
blood sgar as a pelective mediva, The detection of Listerias is made
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st41) easlsr by the addition of 0.01% potassium tellurite, This
specific solid mediwm will completely inhibit granm-negative bacilli,
sporeformers (fungi?) hemolytic streptocceci and staphylococei, but

will not prevent the growth of Streptococous viridans and enterococel,

On the guanofuracin-tellurite Plates the Listeris colonies are black

and have a gray-green edge, while gtrepto- and micro~coccus colonies
are seen as pink-gray or gray-blue.

Btorage of the research material in 50% glycerin at L°c, (29)
for over 2 months made no appreciable difference.

Compared to culture results with fresh materisl the yieid was
ocut in about half (from 93 to 47), the proportion of undesiresble
concomitant bacteris only 17% (1k2 to 119). Meanwhile the culture
was pogitive in some ceses only after combined glycerins-refrigerated
storage (1864),

In short, it has been shown that by a combination of different
methods of selective culture of Listeria is possible only to a Llimited
axtent,

Perhaps for the successful achievement of further lwprovesont ,

the addition of subthreshold quantities of penicillin or the use of
higher concentrations of modium chloridebr preliminary culture in
alkalins medis are required. -~In connection with thig the observations

of Flamm (306) are of interest, that even 2 1/2% sodium chloride in

.‘” ' - A A“::ﬁ
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dextrose-agar resulted in total inhibition of the growth of Listeria ,
in contrast to the good growth of thesge bacteris in ﬂuid media with
10% NaCl,

However 1t must be considered in any case that other oxrganisnsg,
particularly the Enterococel, behave culturally similarly to the
Listeria.

k. Comprehensive dimgnosis and differentinl diagnosie.

In view of the systematic position of the Listeria in the
bacterial kingdom that was for a long time indefinite, and their
manifold similarities to other kindg of bacteria with regard to
morphologic as well as cultural aspects, it is understandable,
that they--even by experienced researchers--are commonly overlooked or
are othervise classified, It has been shown in continuous repetition
in various countriee that the first reports and writings are soon
followed by other reports, as soon as the boundaries (or limits) of
the Listeria can be defined.

The comprehension and detection of suspected strains assumes
the exact imowledge of their properties, but perticularly their
culturel characteristics., The recognition of questionable strains
is assured only by surface culture on seaigolid media, occasionally
after preliminary culture in liquid medis. ‘Blood-agar plates have
proved the best for this purpose,
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The growth is at first sparse and after 2k hours is hardly
visible. With respect to the colony form, that is elucidated on
peges 9 ff, The characteristics of the Listerim colonies can easily
lead to their confusion with superficially similarly growing colonies
of other bacteria, for example with streptococci, diphtheria bacteria,
other Corynebacteris, etc., The important characteristic of beta
hemolysis is not always well defined. Therefors it is no wonder
that enterococci, lactic acid bacteria » orysipelas microorganisms,
etc., are confused with listeria,

The disgnosis of colonies on blood-free media » such as tryptose-

agar, 1s more difficult, because then the important characteristic
of beta hemolysis is sbsent. Gray and coworkers report. good results
here with the use of the plate microscope,

I vhite light is allowed to shine upon the Listeria colonies
from benesth st an angle of M 45°, they will shine a bright green
when the plate microscope is used, This behavior is thus characteristic »
that they may be identified even in extremely contaminated cultures,

If the medium containe potassium tellurite s the colonies sppear
black. In contrast to the cocci colonies that are sometimes black,
black-yellowish, and gray, the Listeria colonies appear, with this
kind of lighting to have the typical greeaish coloring in the border

zone,
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Inasmuch as the bacteria are not already grown in pure cu.’Eture 3
1% is feasible to transfer suspiclous colonies for purification onto
fresh blood- or tryptose-sgar first. The characteristic colony forms
are so widely distributed after 248 hours incubation at 37°C. that
they may be detected with the naked eye, but better with the plate
microscope, Now one makes the smear preparations and tests the
staining capacity according to the method of Gram as well as the
morphologic behavior.

The detection of typicel encapsulated lancet-shaped coocl, typlcal
chain oocoi, pleomorphic Corynebacteria, with polar bodies, excluds
bacteria of the Listeria group with certainty,

Definitely significant is the determination of motility,

We make for this purpose either s hanging drop of a young bouillon
culture incubated at room temperature or observe the growth at 22 and 37°C.
in 0,2-0.% percent nutrient agar stab (so-called motility ager).

Non-sporogenous, gram-positive, beta~hemolyzing becilli, that
are unequivocally motile, and present the characteristic stratified
zone of maximm growth about 3-6 mm. beneath the surface of the sgar
colum belong slmogt without exception to the Genus Listeria.

To confirm the diagnosis the control by mesns of a color series,
of the most important biloshemical characteristics (see p. 12) 18
necessary. Also worthy of recommendation ie the agglutination test

in a polyvalent Listeria antiserum. The possibilities of error here
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(mee p. 21) are, however, particularly lerge, 8O that caution-is mse:dad.
Indispensable for all doubtful strains is the determination of pathogen-
1city for animels (see p. 29) and the genesis of monocytosis in research
animals with carefully graduated gquantities of bacteria.

The author and Linzenmeier (2421) have formulsted the following
criteria that are reliable aids in the differentiation of the morphologically
or culturally similar organisms:

a) Erysipelothrix-group: Morphologically similaz--on blood agar
no beta-hemolysis--nomotile--no esculin splitting--slow decomposition
of dextrose with little acid formation~-characteristic growth in gelatin
stabs st 22°C,~-no agglutination in Listeris sera.

b) Lactobacilli: Aerobically on blood sgar only sparss growth;
no beta-hemolysis--catalane mgative-—nonmotilo--conmuon possible,
because of similar morphology and similar odor of sour milk--serologically
gometimes spontaneocusly agglutinable, sometlimes not sgglutineble in

Listeria sera--not pathogenic for animals,

¢) Streptococcsl group: Morphologically generally easily

differentiable~-more difficult in case of atyplcal strains with rodlike
Porms carefullgbservation of the l}mlyais--l‘.isberia show no alpha or
ganma hnnolysis—-botn-hnomms streptococei in colony form are only
superficially similar to the Listeria.

Beware: Confusion of Enterococei with Listerial - In case of
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enterccoccl, there is generally destruction of mannitol--serologicelly
there are overlapping reactions--Enterococci and nonmotile. Otherwise
great similarity!

pifferentiation of motile strains of streptococci~-moxrphologically,
color series--if necessary, enimal investigation.

d) Pnsumococcl: With attention to typlcal characteristics
confusion culturally hardly possible. Bacterioscopically (for example
in spinal f£luid) the diagnosis of puneunococel is made only ir; definite
1sncet forms and capsules are detectable., If possible checking up by
Neufeld's swelling test.

o) Corynebacteria: Morphologically generally definitely distinct--
fow 1little known kinds are however somewhat similar--practically always
nommotile--special caution is required in the case of all beta hemolytic
growing strains--possibility of differsntiation in color series see
Table 1k,

Beware: Confusion with motile C. poinsettiase and related kinds;
these liquefy gelatin and form orange colored or reddish pigment--not

pathogenic for animals--serologically differentiable from L. monocytogenes.

The diffsrentiation of strictly anaerobically growing Corynsbacteria
specles is performed by thelr cultural characteristics.
Finally it appears that there i a series of similar kinds of

bacteria that mey not be {dentified with relations of the abovenamed
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groups, that are also however differentiable from L., monocytogenes,

The detsrmination of the species or type clmssification of these
kind of bacteria is difficult.

A oculture that bslongs here was for example desgcribed by Sohier
&8s & non-pathogenic Listeria, Stanley also found Listeris-like
organisms in throat swabs, and Seeliger did likewise in urins and
punctates from pleuras, Murray sent the author a strain that showed
the following properties:

On blood agar round, small colonies with significent hemolysis
(turning green on sheep blood agar--author). Microscopically short
gram-positive coccoidbacilli, non-motile. Acid formation from dextrose,
maltose, galsctose, and salicin, irregularly from lactose, mannitol
(!) and saccharose. Decomposition of esculin, catalsse weakly positive,
No HpS-formation, ures hydrolysis, nitrite formation or gelatin:
liquefaction, Non-pathogenic for research animels, not monocytogenic,
negative Anton-test, serologically not relsted to L. monocytogenes,

Murray believed that these bacteria helonged to the Listerias
group and supposed that here there was a special type of Listeria
Adistinet from L. monocytogenes, Possibly this is identical to the

bacteria described by Hlilphers (317). We usually observed with the
abovenamed cultures definite chain formation and never motility,
while Murray cbserved indications of wotility. Therefore we must

leave the question of the classification open at present.
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Table 14, Differentiation of L. monocytogenses from
aerobic Corynebacteria and Erxlipolothrix-specieu.

" Species of Beta~ Motility Decomposition of
Bacterila bemolysis Urea [Esculin|Nitrate Dextrose

L. monocytogensa.eeccecs + + +
| E, rhusiopathise...ccees} - -

1
1
1
!
3 - diphtheriae....eeeses +/-

7 [ c. volfantd (BT).eersses

{Q, ULCETBNB.cessacnnsess

P . DoffmANDL. ..eeseceoss

'Q, XOYOBB.sesesssacsccce

,C. DYyOGeNSE.esscsrscanes

o, ovis (Eraiss-ﬂocard).

p X AL
|

(e, pseudotuberculosis

(0. KubSChSTL.sesessoonns

C. 8Qui,ieaconcuscincece

C., YONBlO®.cocaosonensses

AL o]

'
i
i
|
|
i
i

|C. poinsettind,.ecseses

|

1) serophil.

i
|
|
i
i

|
|
i
|
!
|
l,
i
i
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Still a few further remarks sbout the antigen analysis (for

particulars ses page 1k £f.),

The determination of all O-and B-antigen factors requires s

large mumber of sera and should be carrisd out only by experts.
ObJect glass agglutination of living bacteria must bs performed
with caution, since spontaneous agglutinations are frequent, The
aama applies to heat-treated santigen. Artificial agglutination
of heterologous bacteria takes place in Listeria serums, Serologic
type determinations are useful only after or in connection with
concomitant cultural and biochemical investigations, Tho accumulation
of suspicious strains at a central establislment is important on
spldemiologic-and rational grounds and is to be urged.
5. Sorodimgnosis,

Generalities: In view of ths hindrances which stand in the way
of the cultural investigation of the microorganism of listeriosis, and
are not very avoidsble sven with the best research methods, serodimgnostic
procedures possess & more than theoretically-scientific interest, Their
significance extends to the r_otrospoctivo diagnosis of previously
survived infections but also to the detection of acuts or chronic illnesses
that are diagnosable bactericlogically not at sll or only with difficulty
and from those to the spidemiologically important determination of the

distribution of the disease in genersl,
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The basis for serodiagnosis is the fact that the infected body
during the course of the immmobiologic axposure forms antibodies
to the microorganisms that, by the use of certain methods of reséi:rch,-
are detectabls gqualitatively and quantitatively in vitro,

It ehould not remain ummentionsd that the sources of error in
indirect methods of detection are incomparably greater than in the
case of bacterioclogic methods, Therefore these kind of studies give.
promising results only when they are carried out in a uniform mannexr
and therefore with comparable techniques at the sources, that -vith
tested methods and sources of error determined, bhave at their dispoeal
extensive, comparable material,

The evaluation of gerologic findings is to be carried out with
great caution and reserve, and one must, in addition to epidemiologic
characteristics, consider the clinical picture. Indeed, in many
instances no definite conclusion is poseibls above all, if only a
single test is performed. Only the results of tests repeated at
intervals and controlled yield us;ful findings and permit dilsguostic
inferences.

The serodiagnosis of listeriosis stands only at the beginning,

This stems chiefly from the fact that the ecarlier researches were

generally carried out with total absence of uniformity of the test
conditions and the differences of the control-mterials many times
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contradicted the findings and often Jielded results that cou}d not
be .compared.

Seroanalytic investigation of Listeria antibodies must take
into consideration the differences in antigen structure of the Listeria
and correspondingly must be conducted with antigens of the individual
types, comparable, according to which method is used,

The preparation of unobjectionable antigens is not gimple.
Bafore their use they must be tested in agglutinizing and in negative
sera. To each daily mixture belongs positive and negative controls,
The test conditions must be uniform,

Sufficlent constancy ia assured among other things by the
manufacture of large batches of antigen, which will be used over a
long period of time » and are capable of being held for many months
because of correct manufacture and keeping in refrigerators. The
initially established dilutions for use should be strictly adhered
to, Duration of incubation snd techniques for dissolution should
not be varied,

In analogy to the serodiagnosis of the other becterisl infectious
disenses 1t is recommended for use at least for the agglutination tost,
the international uniformly determined standard strain, and also to
carry it out with antigens manufsctured by standard processes, Only

thus can comparable results be achieved,
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a) Widal-reaction. Here it is &8 question as to a sero~ana]qbic
inv;atigation of agglutinizing entibodies against the O-and ¥ antigens
of the different types of Listerisa, )

This test has been investigated most fraquently to date,

Unfortunately earlier investigators bave not always taken the antigenic

differences into full consideration., Sometimes in a series of studies

only antigen of & single strain were used, vhich was neturally
oappropriate in individual instances if it is a question of & previously
isolated microorganisw. --Meanwhile it is certein that with one antigen
agglutinins against heterologous types will not be affected or only
partially so. ZLiving or dead Total antigen is often used, so that it
is many times not possible to say whether the antibodies that were
found reacted against ths O- or the H-antigen.

The technique for the preperatlon of indubitable O-or H-antigen
was described on page 17 ff, Correepondingly with the diagnostic
antigen formulas one must use O-antigen of the types 1,2,3, and 4
and the B-antigen of types 1 (sometimes aleo 2) and 4. Grester value

—1x to be lald to the pH of the sntigen precipitates, which must reect
neutral or weekly alksline (pE 7.0~7.l4) becaume the antigens are
spontaneously agglutinable in acid media,

Research tachniques and techniques of dissolution are explained
on page 18, For routine diegnosis the tube test is quite well suited,

For the lowest serum dilution we use s serum concentration of 1:ko
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after the addition of the antigens. Orienting studies have shown ~
that the Widal test for listeriosis is capable of being performed
on object glasses slso with greater savings of time and materials,
Ons retains hereby technically for ths foregoing, that they
are performed with the use of correspondingly concentrated antigeps_
ag in the case of the serologic diagnosis of brucellosis, These
methods Wwere used for the diagnosis of Listerie antibodies by Graham
and coworkers in connection with a similer study in the case of
erysipelas (230). ,
To save time one may alsoc use the centrifuging method of
Gaehtgens, which has proved particularly good for the detection of
antibodies against Salmonella, Escherichia pnsumococol, and other
antigens (37a). The titer hers is gensrally higher, but cannot
be however, due to the frequency of Listeris agglutinins » looked
on as significant.
The serum to be investigated should be as fresh as possible,

In general it is not necessary to inactivate sexrum before the Widel
test, In a few studies, however, occasionally a definite difference was
shown in cases of the agglutination titers of mctive and inactive sers,
so that it may be important to conduct them eimultanecuely always.

To answer the guestion as to whether mctive or inactive sera glve more

specific results in the agglutination test » further research is necessary,

Declassified in Part - Sanitized Copy Approved for Release 2013/06/06 : CIA-RDP81-01043R002000110002-1



0002-1
Declassified in Part - Sanitized Copy Approved for Release 2013/06/06 CIA DP81 0143R00200011
- ‘v N | £ fEher

~253-
1

A series of humen and veterinary medical reports yield
conclusions on the agglutinizing Listeria antibodies in serum of
healthy and sick persons and animels without it being generally
Dossible to date to develop uniform guiding lines for the evaluation
of these kind of findings.

Thus Nyfeldt found in his patients titers up to 1:512, and
Beute and coworkers saw & titer rise up to 1:1600 during a period
of 14 days. The author cbserved in bacteriologically confirmed
cases of listeriosis or cliniecally suspicious cases repeatedly O-
and H-titers batween 1:320 and 1:2500, Sinilar observationg arg
found in meny other publications (23,1&0,141,99,139,151,15& 196,204 242,068,
274,261, 326,337, 344,346,349, 3498, ana others),

But on the contrary there are verified cases of listeriosis in
which the detection of agglutinizing antibodies was not successful in
sufficient titers (23,&0,70,99,20&,281:,' and others),

Debatable and unclear i also the significance of Listeria-
egglutinizing antibodies in sera of healthy people or of patients
without any history that can be connected with the presumption of a
listeriosis,

Wobb saw in control sera titers up to 1:125 once sven to 1:500,
Seastone reported on average titer of 1:40; sna Julianelle observed
in k6% of the tests (including patients vith mononuclsosis) Listeris

: - 002-1
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titers between 1:20 and 13160, French authors (99) found in -four
of 12 mera titers betwssn 1:100 and 1:300, This coxrrasponds
approximately with the results of our own research, (2h23) on
almost 700 §8ra of which sbout a third menifested O and H-agglutining
agelnst one or more of the Listeria types, mostly generally in the
dilution of 1;80, seidom on the contrary higher, Deviating from this
was the control in the csise of 120 normel sers, (from city folks) in
vhich positive sgglutination was found only once (188b),

The situation 1s elso similar in the animal kingdom,

In individusl cases, for example in cows sick with listeriosig,
high titers of 1:5000 to 1:50,000 were detected, in others, in which
the disease was sinilarly determined bacteriologically, the agglutinin
formation remained among the missing (86b;298), The formation of
specific antibodies was abgerved &leo in artifically infected pigs.
~~During an epirocotic among sheep Hirato and coworkers found in the
case of 18 of T1 sheep investigated Sh days after the 1lust occurrvence of
the disease in the afflicted herd, titers of 1:800 ana over. Yearling
sheep had titers of under 1:200, Older animals mostly were over 1:200,
In most of the seropositive snimels the titer was bardly changed 7
wesks later,

In #erum of heslthy animals without ascertainadble exposure
Listeria agglutining were found yoxy oﬁ;,n, for sxample in horees, cows,
rabbits, guines pigs, mometimes oven in high serum dilutions.

: - 002-1
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Outstanding results vwere supplied by the remarkabls series
of researches in Halle, whereby (61,204,323) for the first time animals
in Germany were investigated too. Positive agglutination results were
found by Potel and Ehrenhard in the following frequency:

Horses 25 times (619)
Cattle 186 times iah.:s;%)
Pigs 18 times (28%)
Doge 3 times

Sheep 1 time.

The titer amounted to, with the use of & living total antigen
of type 1, 1:200 and more, 27% of ths horse serum yielded a strong
agglutination at dilutions of 1:1600 mnd over, --Brucellosis titers
and leptospirosis titers had no influence on the Listeris titers.

In view of the abundance of Listeria titers in men and animals
that are positive the question raised as to their. significance and
specificity cannot be definitely answered now, To date there is no
conclusive proof that Idisteris-~infections are that comson. In any
case Grahas, Hester, and Levine 1941) concluded: "There is no T
agglutination tast; complemsnt ﬁntio_n test, or precipitin test of
proved value in the diagnosis of the natural diseese”.

¥hat can ‘the surprising frequency of Listeris agglutinationss

be nttributed to thenl
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They could be based on the antigen itself, especlally as many
strains are spontaneously agglutinable or at least show this tendency
under certain cultural conditions, But also after the exclusion of
these sources of error there are frequent enough observations of
unequivocal agglutinations, and indeed in practically the same ways,
with antigens of different strains of the same type in case of
negative findings in other sera. The hypothesis of a non~-specific
sero-agglutinability or lability is hereby unlikely,

The frequency of positive findings is also not explicable by
a too great sensitivity of the method, since a considerable portion
of the sera daily investigated give negative results under like
conditions,

Thus the hypothesis that remains most probable is that the
cause lies in the mera themselves, because the agglutinins may be
entirely removed by saturation with Listeria antigen, They arae not
present in the same gquantities in the varivuss &go groups. Just
as in young animals Listeris agglutinins are not detsctadbls at sll
or are present only in small quantities, the sera of newborns and
infants usually react negatively. Only from the end of the first
year of life onwards are positive findings more frequent.

Thereby arises the question as to what extent specific Listeris

antibodies are involved., Also here a definite answer is not slways

possible,

AY
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For example, it is unclear ;fhether during the course of other =
diseases heteroagglutinins egainst Listeria-antigens appear, corres-
ponding to the Proteus OX19 egglutination in typhus (8) or the
sarologlc interrelationship between Bang'e disease and tularemia

titers end vice versa,

Furthermore, the possibility must be considered, that the
invasion of the body by bacteria that are harmless to it, for exauple
intestinal bacteria, may lead to the Pormation of antibodies that
cen also agglutinate Iisteria-antigen, For this howsver, extensive
studies of the antigenic relationshipe ‘l::o‘cvnon Listeris and other
kinds of bacteria will be mcessaz:y. A number of reports show, to

be sure, that certain strains of SRterococci of the Iancefield Group

D have partial antigens in common vmf Listeris (242l).

This was confirmed by reciprocal agglutination--and absorption~--
tests in immune sers., It was also found thet human sers with Listeria
titers regularly agglutinated the corresponding Enterococcus strain,
But after absorption with enterococcal antigen there Tomained now _
always detectable the specific Listeria-sgglutinin,

Through the researches of Nyman it is known thet a high percentage

of human sers contain agglutinins against ons or more of the enterococcic

types, of which to date 17 (180) or 25 (90) are known. It is likewlse

indefinite here as to Just vheis the limits of ‘specificity lie.
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It is quite plausible to think that still further antigenic
properties exist, which cause heterocagglutinations of different
kim}s of bacteria after formation of hmoral antibodies, Also
there should be included here the cross-reactions between Listeria

and many Staphylococcus sursus straing (568, 2424) the significance

of which for the serodiagnosis of listeriosis is still to be oxplained,

. The limitations of serodiagnosis are on the whole shown
therewith. The specificity is only certain then, if t;e microorganism
itself can be found and antibodies against the diverse antigens can
be measured after the manner of s titer curve, Without direct detection
there remains a factor of uncertainty, that is more or less considerable,

These circumstences have their parallel in, for exawnle, the

Paul-Bunnell test, by which the differential diagnosis between hewaggluting~
ticns caused by viruses and those caused by other forms is possible
only through tedious saturation studies. It is likewise the case with
the Listeria-titers of which the specificity is revealed only after
saturation with enterococcal antigen and vice versa.

It is therefors understandable that numerous authors take a
position in at least skeptical opposition to the investigation of a
serodiagnostic test for listeriosis by means of sn agglutination
reaction,

Meanvhile extensive research has demonstrated that during the
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course of Listeria infections high O and H titers not seldom appear,
g0 that these kinds of titers, whereby strong agglutinations of 0-
and H-antigens are to be found at serum dilutions of 1:320 end over,
also acquirs a certain bover of proof in case of failure to detect
the bacteria. Isolated O-titers may be considered in the same senss,
according as it is asserted by the Russian authors » that Listeria-
agglutining remain detectable a year after the diseese, Titers of
about 1:160 form the limiting value (borderline value),

Things are the simplest vhenever, during the course of g
dimense suspected as being listeriosi-, regulsr O~ and H-titer
curves appear, with rises in the titers of more than two steps,

The presence of heteroagg;.utinim, etc, does not mean, however
that lower Listeris titers are of no importances, As already said,
there resultu for reasons not known, in bactoriologically proved
cages of lirherioc:l- » occasionally only a alight formetion of agglutinin
or none vhatcvor. Stanley saw during the course of listeriosis thig
kind of low titer rises, up to 1:32 or occ&lionally ux: to 1:128.

In our own observations "mormal titers” up to 1:80 are cbvicnaly more
frequent in cowntry folks than in city folks (similar to the titer
values in the Subin-Feldwewn iest in’'the diagnosis of toxoplasmosis),
In the same sense are the Tindings of Lang to be considered, who hag
called our attention to Tindings concerning the presence of the same

: - 10002-1
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kind of higher titers (over 1:320) in mother and child, A
significant difference in the distribution of agglutination titers
by sex was not revealed in the testing of 449 subjects {(151)., More-
over the findings of gualitative agglutinin enalysis corresponded
closely to the regionally detormined prevalence of the Listeria typesn.

In West Germany for example the Listeris type I is most
frequently found, (everywhers, with the oxception of the strains
4solated in Wuppertal and Hamburg). Analogous to that one finds
with striking frequency type 1-0 agglutinin in the sera tested. The
H-agglutinin reacts on the contrary aluost ccmtantly against the
H-antigen of type 1 and 4 which because of the grest similarity in
H-antigen structure of these types 18 not surprising, and at the
same time spesks for the specificity of the titer.

In any case the low Listerie titers in man and animal would
also be of a not to be underestimated epidemiologic and epizootic
significance, if they should be actunlly specific,

The serologic differentisl dlagnosis between listeriosis and
other infectious disesses must reckon with the frequency of normal
titers. In tularemis cases isolated Listeris titers are observed,
indeed about in the same percentage as in control persons, Experimentally
an sntigenic relationship between Listeria and P, tularensis may be

definitely excluded (2k23). Patients with typhus and peratyphoid show

no rise in Listeris titer. Not seldom cne finds in the serum of
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patients suspected of having listeriosis a positive Sabin-Feldman
test and vice verss, This results, as far as we know today, not
from an associative influence of the seroreactions by the Iisteria
or toxoplassa antigens, especially if sera with high titers are
algo found, in which only one test, that is, the Listeria-Widal

or the Sabin-Feldman test, is positive. In case of the widespread,
similar, spidemiology and epizootlology one must in addition to
these reckon with double infections,

In view of the present obscurities and difficulties the
question remains as to whether the Widal test can be generally
recomsended in listeriosis. Uncritical evaluation of the serologic
findings must 1lsad to clinically and epidemiologically false
conclusions, By critical evalustion, on the contrary, the serologic
findings can give the clinician valusble hints. In view of the
importance an immediate recognition of the clinicslly hidden Iisteria
infection during pregnency, the conduction of the investigation should
by no mesns be overlooked, howsver difficult the explanation of
positive results may also be,

This simllarly spplies to other course forms, in which the
bacteriologic dstection is no longer successful, High Listeria
titers in a clinically obscure septic-encephalitic disemss directs

the sttention to listeriosis 5 and the indicated sntibiotic therapy

. 3
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leads not only to clinical healing, but also to a steady diminution
of the Listeria titer (151). These examples can be multiplied in -
which repeatedly the 1ife of the newboris could have been saved,

if the Iisteria infection had been discovered and cured early in
the gravidae,

In the early stages of listeriosis on the contrary the
detection of Listerie antibodies is hardly to be axpected, since
agglutinins are detectable at the earl:l.,?at T to 10 days after
infection or the outbreak of the diseass.

It appears that the listeriosis-Widal test is not specific
and in doubtful cases, must be supplemented by saturatismn studies
(for example with enterococcal antigens). The somewhat difficult
interpretation of the results gave rise to a large amount of criticism
and rescervations. Only with these assumptions does the Widal test
appear to us to be of value in the current diagnosis, We beliave
it is valuable, and pertinent nevertheless, if it is supplemented
by ons of the subsequently described methods.

b) Complement fixation test. The notorious difficulties in
the determination of the significance of Listeria agglutimtion‘titorn
gave impetus to the use of the complement fixation test, after good
results were sccuamuisted with this technique in the cmse of other
zoonoses, {(especially leptospirosis and toxoplasmosis).

Graham and his coworkers were of course the first to try to

Declassified in Part - Sanitized Copy Approved for Release 2013/06/06 : CIA-RDP81-01043R002000110002-1



Declassified in Part - Sanitized Copy Approved for Release 2013/06/06 : CIA—RDP81—010430020001 10002-1 3

-263~

find complement-fixing Listeria sntibodies » but, as already stated,
without results, Iater Stanley in his investigations of Listeria
lipoids set forth anew the complement fixation test, that because
of the lack of smerologic actiyl’cy of the monocyte-producing-agant
(see p. 27) aleo gave negative results, Kolmer found; thet immumne
sera against L, wonocytogenss did not react with the antigens used
in the Wassermann test,

Independently of one another Oezgé.n and Seeliger then reported
on & complement fixation reaction in the Presence of Listeria-antigens
and came to practically corresponding results following investigations
with rabbit immune sera and humen sera » Which showed, that complement
fixing antibodies are detectsble in imne sera even at high dilutions
but are absent in normml sera. The author found concerning this
furthermore, that the crmplement fixation test in the presence of the
antigens or‘ the microorganism reacted positively also in the perums
of patients, and concluded from this that the tochx;iq;io was of disgnostic

value. Iater investigations on more .than 1000 normsl snd patient sera ’

among vhich wers included bacteriologically proved, cases in all the age

groups, confirmed the correctness of. this conclusion in case of listeriosis

in pregnancy, listeriosis of the CNB, ana other course forms. (242) »315),
Patocka and coworkers came to.almost the sane results with a complement
fixation test for listeriosis, for the early confirmation of clinically
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hidden Listera infections during preguancy.

The lack of nost-specificity of the Listeria and their eeroloéic
aifferences, in antigen formation requires the use of different antigens.
Some authors (188b, 191, 323) used, by Wy of example, only antigens of
serotype I, the author in the beginning used those of type 1 and 4,

On the further extension of the project that began in 1951 it wap shown
that sntigen of type 3 is also not unnecessary. Besides, lately, control
gtudies with antigens of the Listeria-agglu'himblo enterocooel types
have becoms necossary.

Ag thers 1s no warketable extract and antigen, theee® wust be made
and stapdardized by the investigator himself.

The number of antigens necessary as well as the tima-consuning
and tedious, preliminary research make the test unsuitable for small
lsboratories, It should, therefores be carried out--similarly to
leptospirosis tests--only in suitably equipped special laboratories.

The antigen pr-‘p-rﬂgion follows extensively the procedure for
the memufacture of Luteria—o-nntigon,.bccause the flagella material

obviously has no special significance in the complement fixation test.

Examples may be fourd on P. 17; pntigens t{reated with ultrasonics

are. more active than suspensions that have not been subjected to

ultrasonic vibntionl snd sre essier to manipulate as & result of
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their suspension stability and the sbsence of sponmtaneous formation

of clumps. Besides, more antigen is libersted during the ultrasonic

procedure into the solvent than during the heating process alone. In
principle it ip the same, whether the total antigen is used for the
complement fixation test in the form of homogenized euspensions or
the clear, supernatent fluid remaining after centrifuging,

The selection of the test strain mceaéitutes great care,
because the antigen comtent is subject to certain variations, in
comnection with the phese of the culture. It is besides strongly
influenced by the conditions of the culture.

All strains must be found in their culturally smooth forms 2

and are from time to time to be tested for their virulence. Because
even among the same serotypes, quantitative differences in antigens
are notmreties, we are thereby required to use only the standard
test strain used in the Widal test. We thereby produce for curselves
mantigen mixture of homologous type strains, into which we at times
mix five to ten serologically analyzed cultures of the same type.
Thereby chance variations in antigen stability may be largely avoided,-
since the use of this antigen considerably enhances the constancy of
the results, and the charges mesdes at different times show more uniform
results in the immnme sera.

In place of total antigen one may use for the detection of
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complement fixing antibodies in rabbit cera slso chemical extracts of
the bacteria, -

Quite suitable for this purpose of preparing the extracts is
the method of extraction with trichloracetic acid in the cold according
to Boivin and Mesrobeanu. Pinslly it is neutralized with NaOH. The
antigen, which demonstrates a polysaccharide composition, may be )
purified by precipitation with 4 volumes of ethyl or methyl alcohol
and 1s distinguished in tests with rabbit imune sara by a slight rise
in specificity in case of the diminishing titer values.

Neturally one must, in the presgence of definite re:uite in
rabbit immune sera carry over into humen sera without further ado,

Thus it is for example known, that purified polysaccharide
fixes complement in the prosance of gpecific immme sers of rabbits,
while under the same conditions the test results are negative in
hman imsrme sera. These facts were ascertsined in pneumococcal
infections and also apply to fungus infections and it has not been
excluded that similar conditions apply to listeriosis also,

Therefore it appesrs just now less pertinent to use bolynccharide
extracts in the diagnosis of humen listeriosis, Its msnufacture besides
requires much work and the yield of active substance is often quite small,

All antigens snd extracts retain their serologic astivity aftes
the addition of ssuitable disinfectant (for exsmple, phencl in an end

concentration of 0.5%) in case of storage in the cold for umr months.
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In case of correct preparation they are not hemolytic. For

control the concentrated antigen is incubated for 12 hours together

with amboceptor--erythrocyte mixtura.

The standardization of the antigen is conducted against homo-

and heterologous rabbit immme sera in such a way that the same
antigen concentration is determined for the sample dilution that
yields with the same type of sers the highest titer consigtently

in at least three tests performed on different days, and reacts in
the heterologous sera with the lemst possible overlapping., The
sample dilution is a fixed amount and may not be arbitrarily varied,
even 1f the suspension as a result of increasing autolysis later does
not appear as cloudy as in the beginning. )

The preliminary research does not, according to principle N
deviate from the technique for the complement fixation test in the
presence of other bacterial antigens, After determination of the
complement titers sgainst the hemolytic system the complement
consumption is tested in the presence of the standard dilution of the

aifrerent sntigens. Such & procedure for an antigen is illustrated
in Table 16. All resgents are stored until they are used in a
refrigerator or in ice water. As & diluent s veronal buffersd NaCl
solution 1s commonly used. The fixation time is 1 hour at 37°C, in
a water bath, It is reed off 15 minutes after the addition of the

erythrocyte--amboceptor mixture and incubation in a waterbath at 37°C.
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Table 16. Research protocol for the determination of the

consusption of complement by entigens from
(Example:

type I)

L. monocytogenes

,Antigen
standard
dilution

Amount

Veronal
buffer
solution

Complement
dilution

Addition of.

Hemolytic
amboceptor
(1:2500)

2% erythrocyte

suspension,

O-Antigen
.of type 1 of

L.monocytogenes

' Dilution
1:25

HEREE R
FOQWD DD DD

e
o+
[2]
.

Incubated
1 hour at
37%C. in
water bath

Evaluation: Listeria antigens have the propexty of being able to

use considersble complement, Research has shown that the quantityj of

complement necessary for complete hewolysis as determined in p:qlimimry -

studies, is not alwmys sufficient in primery studies in the presence of

serum, Therefore for the estsblishment of the concentrationmeeded for

primary research s slight excese of complement is used,

If one performs the primery research with serum according to the

same technique as in the preliminary reeearch; 1t is important, by way

of example, to use a complement dilution of 1:28 1f total hemolysis in

the préliminary reseerch occurred at a complemsnt concentration of 1:h,
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This corresponds to about 1.25 complement units (for definition see

below). In case of cold fixation (12-16 hours at 4°C.) one must
Just about double the quantity of complement (corresponding to 2
unite of complement i1f the quantity of complement necessary to cause
complete hemolysis in the presence of antigen is designated as a
single unit).
The results in immune sera are absolutely clear, Couplete
inhibition of hemolysis shows no "after solution"; after many hours
of being kept in a refrigerator the erythrocytes are precipitated
and the positive .tubes ares easy to perceive by the overlying colorless

or pale pink appearing liquid., A typical example is shown as follows:

(Table 17.)
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Table 17. Performance of the complement fixation test
for listeriosis on immune sera of type I in the presence

of antigen of

type I

Veronal
buffer
solution

Serum type I
0.25 ml,
dilution

in veronsl
buffer
solution

Complement;
dilution
1:38

Antigens

type I

diluted
1:25

Addition of
Ambo-

]
ceptor erythrocyte
1:2500 suspension,

1:10
1:20
1:ho
1:80
1:160
1:320
L:640
1:1280

0.25 ml.
(1:5 dilution)

0,25 ml.
per tube

0.25 ml.

1 hour
in water
bath at
37°C.
incubated

)

0.25 ml.lf 0,25 ml,
per tub&l{ per tube

incubated
15 min, at
37°C. in &
vater bath
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Tgble 18. Results of the complement f£ixation test in
the presence of Tisteria and Enterococcus antigens.

Antigen Reactions in dilutlons of immune serums

1., monocytogenes iL. monocytogenes L. monocytogenes Enterococcus
1 and 2 Type 3 |Type Strain L/49
in dilutions in dilutions in dilutions in dilutions
from 1:10-1:280 |from 1:10-1:280 !from 1:10-1:280 | from 1:10-1:280

L. monocytogenss, (clec | (EIEER0" 32221000 Ji3200000 [F3e1000
‘Type 1 end 2 (146a ) [REIEEF00 3200000 00000000 00000000

L. monocytogenss, (2h2c), FEE3R200 [EEEGR10 [@2100000 [i{220000
Type 3 (146a ) [EHO00000 3000 20000000 00000000

'L, monocytogenes,| (2k2¢) 371000000 {00000 (k31000 00000000
Type b (146a )} B2000000 2000000 (4421000 00000000

'Enterococcus (2h2c )| 2000000 30000000 Rpo0oo0o [EEERee
\stran L/%9 (146a )} [EH210000 Booo0000 lshoooooo kL0000

‘Without (el2c)))

‘Antigen (146a)

1 gumbers as degrees of hemolysis inhibition occurring (4 equals 100%).

|

|

| 2 gomologous agglutination titer 1:5120, L. monocytogenss type 1-0=-titer 1:640.
|
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Antigen

Tech-

Resctions in dilutions of serums from patients:

nique Ko, ¢ 475 in
1lutions of
JLe5-1:160

No. € 503 in
diluticns of
1:5-1:160

dilutions of
135-1:160

3ilutions of
2 5-13160

No. € 607 in No. € 227 in[No. C 1063 in

dilutions of
1:5-1:160

ubtLul
Listeria

ningitis

Post-sbortion
conditions

conditions

Post-abortionPost-aborti

Fonditions

other of a
orn that died
om 2 L,
nocytogenes
ftype b meningitis

‘ L,monocytogenes

jTypel

L.monocytogenss

Type 3

. L,monocytogenes

%Typah

| Enterococcus
| L4

!

Hithout
Antigen

oliac) IEEpooo
(146a)
(o4zc) | klllioo
(146a)

[2hoc)
(146e)
(2h2c)
(1%6a)

[2hoc)
(1468 )

(00

[ip1000

BkHoo0
k20000
[iHoooo
Kooooo
000000
600000
© 000000
000000

BHoooo
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The examination of inactivated sera from patients took place
in the same fashion, only the results stem from a lower serum dilu:tion
(for example, 1:5).

The quantity of serum used is understocd in this case to be
0.25 ml, Through the addition of antigen and complememt the serum
18 indeed still further thinned; this, however, does not have to be
taken into consideration in the calculation of the end dilution,

To £ind the sera that react positively to the complement fixation
test a single dilution is first tested against all antigens including
the enterococcal control antigens. In case of positive results of the
test the serum is then titered out in a followup test., For this a
micro-test on an object glass hasc proved good, whereupon instead
of 0.25 ml, sometimes one drop from graduated capilliary tubes is

dropped at the same angle of inclination and correspondingly mixed

in. ‘The inocubation times are the same, the mgrodfgint: are stored

in e damp chamber st 37°C. The irgrefiemts used in primery research
are to be seen in table 19.

Evalustion of positive resulte: The greater number of positive
agglutination reactions are in contrast to the rarity of definitely
poeitive reactions in the complement fixation test, if a mixed materiml

of normal sers and patient sera is tested.

Declassified in Part - Sanitized Copy Approved for Release 2013/06/06 : CIA-RDP81-01043R002000110002-1



Declassified in Part - Sanitized Copy Approved for Release 2013/06/06 : CIA-RDP81-01043R002000110002-1

s v L Al R e e R I . T

R TR

24

Table 19. Complement fixation test in listeriosis.
Primery research with serum from patients,

‘Patient's Veronall Complement
lserum, Antigen buffer | dilution Addition of -
‘dilution corresponding Amboceptor |2% Erythrocytes
135 to preliminary 132500 suspension

5 tegt

. L. monocytogenes | -
'0.25 ml. [0.25 ml, Type 1/ . . Tncubated| 0.25 ml. 0.25 ml,
0,25 ml, |0.25 ml, Type 3 .5 ml, 1hr, at | 0.25 ml, 0,25 ml.
0.25 ml, {0.25 mL. Type 4 5 ml. 37°C. 0,25 ml. 0.25 ml,

l0.25 m1. {0.25 ml. .5 ml. 0.25 nl. 0.25 ml,
Enterococcus

jﬂo.es nl. - o.o5m.! 0.5m.Y 0.25 nl, 0.25 ml.

i
il)ﬂighast dilution that was used in the test.

iBesides , the following controls were carried out with:
! 1. a) positive serum with vercnal buffer
b) poeitive serum with homologous antigen
¢) nagative serum with veronal buffer
d) negative serum with antigen
thege ingrediente in sll four antigens.

2, veronal buffer with antigen
this in all four antigens.

3. a) veronal buffer, complement | .. .4va cont
b) veronal buffer mo complement | = control

L. test serum, veronal buffer, no complement,

Doubtful or only weakly positive. ructionn in lov serum dilutions
- are often found indeed (for example 1:5) with the technique described;
however, they require no special attention, On the contrary strongly

positive reactions (¥ plus end 3 plus reactions) have been observed to
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date almost exclusively in confirmed cases of listerlosie or apparent
caseg of listeriosis. The titers lie considerably lower than the
homologous agglutinetion titer and only exceptionally reaches the
values above 1:80, Titers over 1:10 are in our opinion significant,
and were also thus considered by Patocka who saw 3 plus reactions
up to 1:256., Patocka found morsover in studies of sera of healthy women
in childbed, etc., with relative frequency a thrice positive complement
fixation test in serum dilutions of l:b4 to 1:32 so that the limits of
specificity seem to be 1:32.

Unfortunately the details of his method are not known; therefore
a direct comparison 1s not possible to date.

We believe according to our own investigations, however that

with our technique a strongly positive reaction is already present at

a titer of 1:5, snd 3 plus titers of 1:10 upwarde in the presence of

type I and type 4 antigens indicate the presence of s Listeris infection,
vhile theze kind of titers are to be considered the upper limits in
the case of a bacteriologically confirmed infaction,

The overlapping resctions between Enterococei and Listerias
antigens, require particularly carsful evaluation.

The results yielded with imsune rabbit serum may not without
further ado be carried over into humsin sers results. In practice we

have to date despite numerocus positive findings only relatively seldom
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observed a concomitant reaction with enterococcic antigen., In the
seme titer the result is only to be evaluated after subgequent
saturation.

" While the evaluation of the results of the use of type 1 and
type b antigens offers no difficulty, it is important to evaluste
positive results with type 3 antigen only in commsction with the
H-sgglutination titers; since not seldom nonspecific reactions appear,
the source of which is not yet explained.

The reaction results are naturally considerably influenced
by the technique. If one uses a glight excess of complement in
primary research (242c) the test is, on the whole, more gensitive,
Cross reactions then appear stronger and more often than with the
use of a higher dose of complement (2 units) as is used today in
the complement fixation test for the presence of viral antigens
(146a). In table 18 the results of similar investigations with the
two test methods ars compared in both animal and humen sera, They
show an increased #pecificity with an increased quantity of complement
vhich however is many times paid for by a loss of titer.

Oezgen ‘brought up for discussion whether during the course of
o 1isteriosis due to virus the forwation of complement fixing Listeria

antibodies would be stimulated, In similar research paterial sera

with Paul-Bunnell titers of over 1:64 regularly gave one plus and
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2 plus reactions in dilutions of 1:5 in the presence of typs I antigen,
At least as frequent were however Listeria complement fixation reactions
negative even in the case of high Paul-Bummell titers. Patocks likewlse
has obssrved positive Listeris complement fixation in cases of monocytic
angina follicularis,

S0 far as the present investigations permit e conclusion, thers
are no serologic cross reactions between Wassermann positive and Listeria
positive sera, although both antigens contain abundant lipoid, On the
other hand it should be pointed out that in humen cases of listeriosis
a positive Wasmermenn reaction has been cbserved at the beginning of
the diseass (31,151) which later vanished. Our own investigations (2423)
on ten sera in which the Wassermeann reaction wms strongly positivs,
showed no deviation of complement in the presence of Listeria-antigens,
and vice verea the Wassermann reaction was indisputably negative in
ten gera with high Listeria titers, - N

On the contrary, thers are not seldom positive Meinicke reections
in listeriosis sera, obviously ms a result of {ke generally present liver
damage, 4

As alresdy stated, the Listeria titers in the complement fixation
test are considerwbly lower than in the sgglutination test. The titer
valus is decisively influsnced by the time mt which the investigation is
wade. Namely, it has besn shown that the complement fixing antibodiesn
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are only detectable for a short time, and diminish relatively swiftly
or may even disappear after clinical healing. Many times titers of
1:40 or 1:80 become negative in 2 or 3 weeks, indesd sometimes within
10 days. _

It is not seldom observed that the agglutination titer even
after the return to negative or the diminution of the poeitive

complement fixation test values can still rise. Individual instances

show rolatively high complement fixinfr titers (1:20) with relatively
i .

1ow agglutination titers with homologous antigen (1:80 to 1:160)
others show high agglutination titers (1:1280 and over) in csse of
indisputably negative complement fixation reactions.

The findings confirm the hypothesis that the complement fixing
end agglutinizing antibodies are not unique, and therefore alsoc have
a different significance. Agglutinins are more easily formed and
remain detectable much longer. Complement fixing antibodies appeer
in case of listeriosis meny times only as transitory phenomena.

¢) Other procedures-- On the basis of research results with
sera from animals Drew conuq.rod the possibility that soluble Listeria
subgtances appear in the spirsl fluid of listeriosis petients that
should be detectable with precipitsting sera. This has only infrequently
been proved to dats. A few investigations of our own ran negatively.

Conversely it was to be deduced éhat, snalogous to the appearance
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of agglutinins ang complement fixing antibodies, brecipiting should
also appear in the sera of patients, that could be detected with the
concomitant precipitinogen. Potel has made abundant use of the
Precipitation test » @nd has obtained in g relatively high percentage
of gera with high agglutinin content a positive reaction with a soluble
Listeria Precipitinogen,
The manufeciure of the Precipitinogen according to Potel:
The growth of I, monocytogenes on meat broth agar is suspended in
5 ml. of bouillon extract, and Incubated 3 days further at 37°C. The
undiluted Seitz filtrate of this bouillon serves as Precipitinogen,
On the contrary we only seldom succeeded in getting a definite

precipitation from Fuller antigen or trichloracetic aciq extracts of

reacted 3 plus up to 1:80.-- With artificially immunizegd anime]jé it
may be shown that Precipitins against the bacterial polysaccharide
from all antibodies appear last and in the smallest amounts,

Later investizations carried out jointly with Potel with human
sera with the uge of different lysates and extracts speak rarticularly
againgt the uge of Precipitin tests in the bractical disgnosis of
listeriosis.

Perbaps we may however investigate with sengitized blood cells
for a refinement (of the technique) and yet proceed thereby to valuabile

results, L

: - 002000110002-1
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Iﬁtncutamouu tests with Listeria antigen have been carried
out only infrequently to date and led for example in the atudie;: of
Harvier, cited above, to dubious results. The value of this method
is being tested at present, so that it is here still too early to

drav a conolusion about it.

Conclusion.
The &iagnosis of listeriosis 1s possible only by bacteriologic
and--with certain limitations--by serologic methods.
As materisl for investigation for bacterioclogle detection

during life, blood, spinal fluld, bone marrow, (sternal), smniotic

fluid, meconium, throet, and other mucosal scrapings (swabs), first

coms under coneideration., After death ths search for the microorganiem
is successful, in addition in liver, spleen, lymph nodes, cersbrum,
cersbellum, medulla, snd other organs as well,

The culture of the microorganism occasionally presents
difficulties that may be overcome psrtly by preliminary culture in
highly valusble medis, partly by s weeklong period of enriched growth
at 4°C. In the isolation of Listeris from materisl containing the
microorganism in the usual way, tellurite medis and the use of the
plete microscope give good service, Morphologic, cultural, blochemicel,
and serologic similarities to other kind- of bacteria necessitste

an exact differential diagnosis. The possibilities of erxor &y
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obviously quite large. Confusion with similar bacteria often occurs,

This applies perticularly to Enterococci and Corynebacteris.

During the course of listeriosis men and enimals form humoral -

antibodies, that are detectable by meens of the Widal agzlutination
test. IListeria-sgglutinins are found however also in increasing
frequency in sera of healthy persons or animals without any classic
history of listeriosis. The questicn as to the specificity of
_Listeria agglutinins is not yet sufficiently clarified.
Heteroagglutinations in Enterococcus sera exist., Therefore
the Widal reaction is useful in Listeria disgnosis only in case of
critical evaluation, Titers over 1:320 and titer rises of at least
two stages have a certain value as proof, Iately successful
improvement of the serodiagnosis has been accomplished with a
complement fixation test that is carried out with the different
antigens, In the majority of the patients complemsnt fixing anti-
bodies appear during the disease and in the period of convalescence,
The serologic tests are according to their value as proof
less than the bacteriologic investigstions, but indicate, however,
useful conclusions in cases in which the culture of the microorganism

is not, or at the time of the investigation is no longsr, successful,
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